
Australia 50c 

Zealand 45c 
South Africa 45c 
Rhodesia 45c 

Nigeria ^ K. 40 
Sweden Kr. 3.50 
Malaysia $1.80 
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hardly 
beableto 
believe your 
ears! 



Can you 
really get 
souncTquality 
like this for 
less than £18? 


Yes you can! 
with the new 


STERra 


m 


Until now, richly satisfying sound has always cost a richly satisfying p 
But not any more! For an almost unbelievable £17’95, you can ' 
Stereo 21—audio for the connoisseur. 

Whatever your taste in music, you can hear it on STE 
21 the way its composers heard it in their dre 
Beethoven or Mahler . . , Ellington or 
Morton . . . Das Nibelung or Jesus C 
Superstar. . . Carols from King’s Co 
Chapel or the return of a Beatle ... 
thing from a prettily fluting baroque 
to the newest pop group at full throt 
STEREO 21 does them all justice! 

And have you ever seen a handsomer 
installation? Compact enough to go 
university student's bedroomrStudy, el 
enough for the suavest penthouse pad in T( 
STEREO 21 offers you all the pride of posses 
as well as a thrilling musical experience! 
Top-quality amplifier, BSR turntable, mate 
speakers. Deck and speaker cabinets you sir 
wrap round and glue to build. Screw in the 
fier and connect up (all push fit, no solde 
whatsoever), so simple literally anyone 
do it. Except for glue and panel pin: 
parts supplied including 
instructions—all for £17-95 ( 
the cost of post and pack! 
you buy by mail), and 
round it all off—a mo 
back Guarantee if 
pleasure in STEREO 21 is 
complete! 


Personal shoppers and mail order price 


£17-95 


Plus £1-50 P&P. 


Just think—In only a few 
you could be giving your 
the treat of a lifetime—AND In 
ducing your envious friends 
STEREO 21! 


Diamond styli, if required, £1 -37 extra 


R THV C 


RADIO AND TV COMPONENTS (ACTON) LTD. 

21d High Street, Acton, London W3 6NG 
323 Edgware Road, London W2 

Mail orders to Acton. Terms C. W. O. All enquiries stamped addressed envel 
Goods not despatched outside U.K. 
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POWER KIT FOR 1C 



SWANLEY ELECTRONICS 


Give us six months, 
and well turn your hobby 
into a career. 


You have a hobby for a very 
good reason. It gives you a lot of 
pleasure. 



you’ll do better work. 

Now CDI can help you find 
such a job. A Job where you’ll be 
responsible for the maintenance 
of a computer installation. A job 
that pays well too. If you’re inter¬ 
ested in mechanics or electronics 
(without necessarily being a 


mathematical genius), have a 
clear, logical mind and a will to 
work, then we can train you to be 
a Computer Engineer inside six 
months. 

So give us a call. CDI. We’re 
the Training Division of one 
of the world’s largest computer 
manufacturers. And we have the 
experience to know if you can 
make it. A ten minute talk with us, 
and you could be on the way to 
spending the rest of your life with 
your hobby. 


Ring 

01-6372171 

between 9 a.m. and 9 p.m. and ask for Mr PLATT 


pt^quicker and easier to phone, butl^oiTl 
I prefer, send this coupon to: Control Data I 

( Institute, Wells House, 77 Wells Street, * 
London, W.l. I 

Please give me further information. I 



|Age 

Phone 

PE6 


I CONTROL DATA I 
INSTITUTE I 
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KEYTRONICS 


4 EARLS COURT ROAD 
LONDON W8 



Ifcs 


BUY AT TRADE PRICES I 






Collect Wireless WDrId Circards. 
And build a valuable dossier on 


circuit design. 



Circards is a new and comprehensive system, launched 
by Wireless World, to provide professional engineers 
and enthusiasts with valuable up-to-the-minute data 
circuit design. Data not available from any 
other single source. 

Circard sets come in wallets and cost £i (£1.15 
overseas) per set. A subscription to Nos. 6-15 
‘ costs £9 (£10.50 overseas) - sets published monthly. 
Start your personal dossier on circuit design by 
completing and returning the coupon below. 


Subjects already 
covered by Circard. 

I. Basic Active FUters. 

2. Switching circuits: Comparators and 
Schmitts. 3. Waveform Generators. 

4. AVMeasurements. 5. Audio Circuits: preamplifiers, 
mixers, filters and tone controls. 

Subjects to be published during the year. 

6. Power Amplifiers. 7. Constant Current circuits. 

8. Opto-electronics. 9. Basic Logic Gate circuits. 

10. Astables. 11. Micropower circuits. 

12. Wideband Amplifiers. 13. Alarm circuits. 

14. Pulse Modulators. 15. Digital counters. 































AMTRON produce a 
varied range of 200 
electronic kits which include 
Power supplies; L.F. instru¬ 
ments; timers; receivers and 
I.C. digital equipment. 

Kits are sold in attractive 
blister packs which contain 
solder and full instructions. 


Prices range from £ 1.10 
to £ 80 . 

Next time the “little 
lady” starts to complain, 
try buying her a kit, and 
before you know it she’ll be 
an AMTRON enthusiast too. 


Contact your local stockist 



Trade & Education enquiries welcome 


AMTRON U.K. LTD. 4&7 CASTLE STREET, HASTINGS, SUSSEX. TEL: HASTINGS 2875 
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coil connectors, 
Silicon grease. 


SFfIKNrVITE 


Electronic Ignition Kit 
only £9-35 

Fascinating to build. Fantastic improvement to your car's 
performarice. Complete Capacitive Discharge ignition system, 
fully proven, components fully guaranteed. Printed circuit 
design. All metalwork drilled ready. Fitted to car in 15 
minutes when built. 

• Sustained peak performance. • Up to 20% fuel saving. 

• Instant all-weather starting. Faster acceleration, higher 
top speed. • Suitable for all engines up to 8 cyls. • Longer 
spark plug life. • Longer battery life. • Contact breaker 
burn eliminated. • Purer exhaust gas emission. 

A new development from the manufacturers of Gunton ignition. Price: £9.35 inc. 
V.A.T. and postage. (12 volt only. State Pos. or Neg. earth). Ready built unit also 
available £11.55 inc. V.A.T. and postage. GUARANTEED 5 TEARS. 


^RDER NOW To: ELECTRONICS DESIGN ASSOCIATE^^ 

1 82 Bath Street. Walsall WS1 30E. Phone: 33652 ■ 

Please send me one SPARKRITE Kit complete. I enclose I 
P.O./Cheque for £9-35. Or for ready built unit £11 -55. 


NAME 

ADDRESS 


) actual workshop 


SPA RADIO 

335-337 HIGH STREET, CHELTENHAM 
GLOUCESTER. Tel 54303 


to order total including post, pa 


etronic PB8C Maina 8 Track Cartridge Playbeck Unit. B.S. R. chassis, encased end wired t> 
eed existing stereo system. £11 (45p). 

3 H T145 Unit. As above but chassis only (wired), a-55 (40p). 

3 R. C114 Mini-chanw fitted X5H Cornp. Certrid^. Unit fitted with 18(V overwind oi 


[. 3 fltt^ plintli and ct 


S*to^^£S-is(95p). 



Stareo Modules and Control Panel (complete), £11-31 (Tio). 
tereo Crystal Cartridga. Exc. many w^iftare. £1-31 (5p). 

__gh qual^ Ceramic 5irt. Parfact tor Unilax. Dulci and nwny 

Goldring G800 Magnetic SvtrWge (very special otf^' 

Jap Sin Car. kdagnet Speaker. Perfect for caa 
Eleclro>Acoustlc SRM «n Car. Magnet Speaker. Sti 
Single. £t-»: Dual. £2-1S(25p). 

Single*n^»Dual.e-S5(»p)"* ^ 

Celeeti^ PS12V/C I2in Duel Cone 2m 
Atony cabinets for callers. £1 (6Sp). 

Goodmans 12P Disco/P.A. Speaker. 8 and 15 ohm heavy duty, £11 
Dulci Atodal 207 7 + 7W R.^TTstereo AmpUfier, EIS-IO (60p). 

Kyoto Model S2000 10 -f 10W R.M.S. Stereo Amplifier. £23-18 (75| 

Keletron KSA700 7 + 7W R.M.S. Stereo Amplifier, £22 (TOp). 

Kaletron KSA1500 15 15W R.M.S. Stereo Amptifier, £21 (80p). 

Keletron KS4 Two Speaker System. 4W R.M.S.. 8W music. Siz 
Freq. response 70-1S.000Hz. Each £7-30 (75p). 

Keletron Three SpeMcer System. 8W R.M.S., 12W music. SI 
Freq. Reaponee e0-19.000Hz. £1 (BSp). 

vn Th^s^rt^^sglem, « 16W m»ic. Sii 


WINDSCREEN WIPER 
DELAY KIT 

Complflt kit of parti incluilin{ dritlt4 and tinnad llbro{lan printad 
circuit iioard. 

Tha unit providat intarmittant wipar oparatian with a daiay up to 
approximataiy 60 lacondi which can ba varied ta aptimiio viiibiiity in 
conditiani at iiyht rain, spray, ate. Tha arifinai wipar twitch overndet 
when normai aparatian is rw|u irad. 

Suitahia lor mast British cars 

£2-86 iafif: ESSEX X-RAY CO. LID. 

Cash with order 57 THEYDON PARK RD. 

THEYDON BOIS, EPPING, ESSEX CM16 7LR 


LIQUID WHEEL AND 
CASSEHE PROJEaORS 



M.V. AMPLIFICATIONS 

ORCHARD MEADOW, UFFINGTON ROAD, STAMFORD, LINCS. 
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THIS IS THE FIRST PAGE 
OF THE GREAT BI-PAK SECTION 


BRAND NEW FULLY GUARANTEED DEVICES 



Plus much more- 
send now for the 
BI-PAK “component 
catalogue” 

5p to cover postage, etc. 


Each Kit contains two Ampiifier Mod- 
uies, 3 watts RMS, two ioudspeakers, 

15 ohms, the pre-ampiifier, trans¬ 
former, power suppiy moduie, 
front panei and other acces¬ 
sories, as weii as an iiius- 
trated stage-by-stage instruc- ONLY 
tion booklet designed for the 
beginner. 

Further detaiis availabie on 
request. 


£ 18-64 


tiCVJ^-TURN OVER FOR MORE FANTASTIC OFFERS 
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The largest selection 
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P.O. BOX 6, WARE- HERTS 












































CRESCENT RADIO LID 

IIHOMAYKROADJOHDONIIiNTlin 


COMPONENTS AND HI FI 
FOR THE HOME CONSTRUCTOR 







D.I.Y. TECHNICAL BOOKS 


RADIO HANDBOOK (896 pp) 

ELECTRONIC EXPERIMENTS AND PROJECTS 

TRANSISTOR-TV SERVICING GUIDE . 

99 WAYS TO IMPROVE YOUR HI-FI . 

99 WAYS TO IMPROVE YOUR ELECT-PROJ. ... 

101 EASY HAM RADIO PROJECTS . 

ELECTRONIC GAMES. TOYS YOU CAN BUILD 


.oii.PMPKiT ■■ 

Add 10% FOR POSTAGE AND PACKING 


JAJKYSJtADIOUMnED.^UCAVBLLJTREE^^^^ 



























































100 WATTS! 


^ NO EXTERNAL COMPONENTS 

* MECHANICALLY & ELECTRICALLY 
ROBUST 

* INTEGRAL HEATSINK 
* HERMETICALLY SEALED UNIT 
* ATTRACTIVE APPEARANCE 
* LOW COST 
^ BRITISH BUILT 


With the development of the HY200, ILP bring you the first COMPLETE Hybrid Power 
Amplifier. 

COMPLETE: because the HY200 uses no external components! 

COMPLETE: because the HY200 is its own heatsink! 

By the use of integrated circuit technique, using 27 transistors, the HY200 achieves total 
component integration. The use of specially developed high thermally conductive alloy 
and encapsulant is responsible for its compact size and robust nature. 

The module is protected by the generous design of the output circuit, incorporating 
25amp transistors. A fuse in the speaker line completes protection. 

Only 5 connections are provided, input, output, power lines and earth. 

OUTPUT POWER: 100watts RMS; 200watts peak music power. INPUT IMPEDANCE: 
lOkii. INPUT SENSITIVITY: ODbm (0 775volt RMS). LOAD IMPEDANCE: 4-16£^. 
TOTAL HARMONIC DISTORTION: less than 0-1% at 100 watts, typically 0 05%. 
SIGNAL : NOISE: better than 75Db relative to 100 watts. FREQUENCY RESPONSE: 
10Hz-50KHz ±1Db. SUPPLY VOLTAGE: ±45volts. APPLICATIONS: P.A., Disco, 
Groups, Hi-Fi, Industrial. PRICE: £14-90 inc. VAT & P&P. Trade applications welcomed. 


CROSSLAND HOUSE • NACKINGTON”CANTERBURY-KENT 
CANTERBURY 63218 

Please note we reserve the right to substitute at our discretion updated versions of advertised designs 
where applicable. 
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lingham B8 3DR. 


Tel. 021-327 2339 



PLUS 10% V.A.T. 


5WAMP--^fi1.98 



(inclusive of R& R and VATl 

Nominal Q-MV (650mA into 
3 ohms) 

★ Power output into 3 ohms = 5W 
8ohms=-2W l5ohms=l\ 
r Distortion typically 0;5% 
Frequency response at 3dB 




Multicore Solder Cream 
for high quality joints in 
the Eiectronics Industry 

New'Multicore Solder Cregm good spread, strong joints with 
was designed for jobs where low contact angles. Suitable as 

second best will just not do. a temporary adhesive during 
Like manufacturing diodes for assembly, the clear colour flux 
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Sinclair Project 60 


Now—the Z.50 Mk.2 


with built-in automatic 
transient overload protection 


When originally introduced, the Sinclair Z.50 proved how it was possible to 
design and produce a popularly priced modular power amplifier having 
characteristics to challenge the world’s costliest amplifiers. Many thousands of 
2.50 s are now giving excellent service day in, day out. But we have also learned 
that constructors do not always use their Z.50's ideally. That is why we have 
introduced modifications whereby risk of damage through mis-use is greatly 
reduced and performance further enhanced. The Z.50 Mk.2 has improved 
thermal stability, more accurately regulated D.C, limiting to ensure more 
symetrical output voltage swing and clipping and still less distortion at lower 
power. Z.50 Mk.2 is compatible with all other Project 60 modules, and may be 
incorporated to advantage in existing systems. Eleven silicon epitaxial planar 
transistors are now used, two more than in the original Z.50: circuitry has been 
re-designed, making this versatile high performance amplifier better than ever. 















































the world’s most advanced high fidelity modulej 




























pmsfot 

PRACnCAl 

ElECIRONKS 

ptojecis 

After many requests, Electro Spares are now supplying lists 
of components for all the projects featured in " Practical 
Electronics ”, commencing with May 1973 issue. Just forward 
an S.A.E. (preferably 9' x 4" minimum), and state which project 
Is of interest to you—we will forward an Individually priced list 
of the components required. 

No need to buy a full kit—you need only purchase the parts 
you require at any one time. 

All Electro Spares supplied components are new, branded 
products of reputable manufacturers, and carry full makers' 
guarantee. 

We regret we cannot supply lists for projects published before 
May 1973 issue. 

"ONE SOURCE” BUYING MAKES SENSE — 

IT CAN SAVE YOU TIME, MONEY AND POSTAGE 


f.m. varicap stereo tuaer 

Electro Spares offer a kit of high quality parts to the published 
specification for this remarkable tuner, featured In " Practical 
Electronics ", May 1973. 

Features include pushbutton "Spot On" tuning, with up to 5 
pre-set stations (no difficult tuning dial and drive cord). Easy, 
"no problem" construction, requiring only a few simple setting 
adjustments with a O.C. Voltmeter. Uses NEW pre-set 
doles for R.F. and I.F. circuits—no circuit alignment. High 
efficiency integrated circuit Phase Lock Loop Decoder for 
perfect stereo reception, with stereo lamp Indicator. 

Fibre Glass P.C. Board, neat slim line cabinet, with brushed 
aluminium front panel, push buttons, etc., etc. 

IDEAL FOR USE WITH THE "TEXAN", "P.E. GEMINI' 
AND ANY GOOD QUALITY STEREO AMPLIFIER. 
Please send S.A.E. for full details. 


''p.e. gemini” stereo amplifier 

QUALITY HI-FI FOR THE HOME CONSTRUCTOR 

30 Watts (R.M.S.) per Channel Into 8 ohms! 

Total Harmonic Distortion 0.02% I 
Frequency Response (—3 dB) 20H2 — lOOkHzl 
We are still continuing to supply components for this fabulous 
amplifier, which Is now recognised as practically the ultimate In 
High Fidelity. We know of no better unit for the home construc¬ 
tor, and can supply a booklet, containing full specification, 
complete constructional information, wiring diagrams, fault 
finding guide, etc., etc., price SSp plus 4p postage. 

Our new, low comprehensive price list is supplied with each 
booklet, or supplied separately on receipt of large S.A.E. 

FOR PEOPLE WHO REQUIRE THE BEST- 
IT HAS TO BE THE " * ** 


**p,e. gemini” 


lU ORDER DEPARTHENT 


IS WELCOME—E> 


Electro-Spares 

288 Ecciesaii Road 
Sheffieid S118PE 
Tei.: Sheffieid 668888 

THE COMPONENT CENTRE 
OF THE NORTH" 


COMPARE C 

IfMte tersftiai j g ^ ^ ^ 

V? <9I»S>?8 ohm ** °*’"**' e-M 

8' (14A/1000) 8 ohm 10 watt 4-00 

^Sl'^Twee^ ® 

CBLMMOj/iinl^'ohm l-lo 

BAKER GROUP 25 12ln 25W 

Pottage 2dp per speaker 

6' 8 ohm c^n^et P.P^^lOp 80 

Add 3fip per Cabinet lor poet * packing 

)UR PRiCES 

ACOftOm/^ or GP91/88C stereo ^ 

AGM5 stellS DU 

(diamond) slimline 1*70 

AC08 GP67/2C mono crysUl M 

AC08 GPlOl compatible crystal OB 

19-TI Sonotone stereo crystal 80 

Postage 5p per cartridge 

2Mr Ini^t 6 ^r^9v d.c. output ^ ^ 

Tapes—"MY^R''^ base finest quality 

pln^lSt ^ 7ln SdOOtt P6p 

'“'n ReeU Up 

dilnReeU IPp P. 4 P. Pp each 

P^P^M togalns dp 

DX143 Dynamic, cassette-type 

CM70 P^NET^lck meUl, 

UDI^SOK^ ohm unl-dlr, * 

Postage 17p each 

THIS MONTH’S 
SPECIAL OFFER 

(LBK 450/8). Comprising 2 EMI 460 
Speakers (8 ohm lO^wat^jr/TVj^r 

Bargain at U8-00 inc. VAT, plus 50p 

Otrtridgas—with standard flttings 

RIVERSDAI 

ELECTRONI 

ALL OUR MERCHANDISE 

Add 18% V.A.T. on prices Incl. P. A P. 

1 B B8/78. 

bE P-0- Box 470. 

_ Xancbester MOO 480 

SBEDOSpFOR 

V 9 COMPLETE OATALOOUB 

IS FULLY GUARANTEED 


.C. ELECTRONICS LTD. 


SCORPIO 
ELECTRONIC 
IGNITION UNIT 


COMPLETE KIT WITH 
ALL PARTS AND 
COMPREHENSIVE CONSTRUCTION 
AND FAOLT FINDING DATA 


transformer £2-531 
P.C.B. GLASS FIBRE 70p Including V.A.T. and postage. 

LATEST NEWS — P.E. TRIFFID. P.C.B. TOp Including post and V.A.T 
"■- - 15p to orders under £1-50. Send S.A.E. for other Itemised prices. 


PARKERS SHEET 
METAL FOLDING 
MACHINES 
HEAVY VICE 
MODELS 


No. 1. Capacity 18 gauge r_ 

No. 3. Capacity 16 gauge mild steel X 

Also new bench models. Capacities 36in. x 18 gauge £3S. 24in. x 16 gauge _ 
Carriage 75p. Add 10% VAT to total price of machine and carriage. 
End folding attachments for radio chassis. Tray and Box making for 31 
model, 27ip per ft. Other models IT^p. The two smaller models w"' 
flanges. As supplied to Government Departments, Universities, H< 

One year’s guarantee. Money refunded if not satisfied. Send for d 
«.i.PMKn, FoMiag MadiiMWodis. Upper Ge«ge St.. Heckmoodwike.Yorks. Heckmond 
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NEW FROM DENMARK 

Already Established As One Of 
The Best Selling Kits in Europe 

JOSTY KIT today 

is counted among the leading manufacturers of electronic kits 
Europe. Constantly the experienced engineers at the JOSTY laboratories 
work on improvement of existing kits and on new developments. 

Only the best materials and components have been used. 

The circuit-boards are manufactured according to the 

newest developments in this field and are supplied with all 4- II 

holes drilled and printed showing the exact placing of the KilOtO-CGlI 

components. Our long standing experience enables us ’^Amplifier AT30 

to guarantee every JOSTY KIT for ONE YEAR for all NO more searching for Com¬ 
parts as well as the correct function of the assembled kit. ponents, it’s all in the bag the 

JOSTY KIT’S are a quality produce of DENMARK. Josty way. 



Electronic Construction Kits 


We are sorry, you may have a little difficulty 
obtaining these kits at present. We at Josty 
are doing everything we can to produce more 
kits but in the meantime they are only available 
from 

APPOINTED JOSTY KIT STOCKISTS 



JOSTY KIT RETAIL PRICE LIST 
(APRIL, 1971) 


M.d.l 

D..cription 

A 

VAT 

Totel 

RRP 

Inerd. 
V.A.T. 

1 

Auloml^c U,'ht*cin\VVr° 

<00W TriacT'Jhi"Dimmer Speed 

2.20aw Triac Lifht Dimmer Speed 

Li,,. C.n.'Sl, 

1 

!! 

1 

lil 

0-45 

6'SO 

1-M 

518 

7-58 

858 

i 

f. 

485 

518 

pi 


Sole UK Distributors 


RADIO SUPiJi 

P.'o. BOX 27.39 WHITBY STREET • HARTLEPOOL TS24 7BR 























TWO-WAY LINK 


C ommunication is a fundamental function of electronics. 

It is particularly appropriate therefore to discuss certain 
aspects of communication relating to this magazine and its 
readers. First, one unquestionable fact: the link forged 
between a magazine and its readers is of inestimable value 
and significance. To this it can be confidently added that a 
magazine devoted to a creative hobby is especially favoured 
in that feedback from its readers is often likely to be in the 
form of examples of readers’ own personal efforts and 
experiences. Such direct positive evidence of a live and 
actively committed readership is perhaps the best and most 
encouraging reward the editorial staff of such a publication 
could wish for. 

Practical Electronics is proud of the two-way link 
established between individual readers and the magazine. We 
believe this is mutually stimulating. The existence of this 
link has long been evident, and has been demonstrated most 
effectively in our pages through the medium of Ingenuity 
Unlimited. Reference to the popularity and importance of 
(his feature is not out of place. It has often been commented 
upon that the circuit ideas published constitute a most valu¬ 
able source of reference to designers and constructors alike. 
We agree, and feel sure that many a reader must have saved 
time and effort through studying the ideas in Ingenuity 
Unlimited. 

The varied nature of these miscellaneous circuits is, in 
itself, quite instructive. It indicates a wide catholic range of 
interests and shows that the inventive spirit is as much alive 
as ever; a refreshing and reassuring antidote to the drab 
uniformity of thought and action which characterises many 
aspects of modern life. 

The circuits published in I.U. are generally of modest pro- ** 
portions, but that is no true measure of their actual or 
potential worth. They represent the new outlook and 
approach to electronics which has emerged in the course of 
(he last few years. The dramatic scaling down in physical 
size of components over the last decade has given electronics 
greater—almost total—freedom in the environmental sense, 
and in many instances it is released entirely from the shackles 
of the mains umbilical cord. One result of all this has been 
the creation of qn enormous variety of small circuits, many 
owing their origination to the enterprising efforts of private 
individuals to solve some problem or meet some particular 
need through the agency of electronics, the very thought of 
which would have been preposterous a few years ago. Many 
of these are worth recording for the benefit of others. 

We are glad to be able to present some of the fruits of this 
kind of private enterprise in Ingenuity Unlimited. And never 
let it be forgotten that such relatively simple circuits as these 
may sometimes prove to be the seeds from which bigger 
and grander concepts grow.— f.e.b. 


Editor 

F. E. BENNETT 
Editorial 

R. D. RAILTON Assistant Editor 

D. BARRINGTON Production Editor 

G. GODBOLD 

S. R. LEWIS B.Sc. 
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P. J. MEW 
Phone: 01-634 4210 

C. R. BROWN, Ctassifled 
Phone:01-634 4301 

Editoriai d Advertising Offices: 
Fleetway House," Farringdon St., 
London EC4A 4AD 
Phone: Editorial Ot-63* 4452 

Advertisements 01-634 4202 


Practical Electronics August 1973 


663 







T he game of chess is more Machiavellian than mili¬ 
tary in its tactics and strategy and the circuit 
described here provides a version which is much 
more like the action of a military battle than court 
intrigue. Thus: Battle Chess. 

No claim to originality is made by the author 
since Edgar Rice Burroughs—of Tarzan fame—once 
wrote a book called the “Chessmen of Mars” in 
which the idea was developed fully. The trouble 
with the Martian game was the requirement for real 
people, expected to fight to the death. The finding 
of 32 people willing to play chess in this 
way would undoubtedly prove difficult but the 
Battle Chess circuit is designed to simulate the duels 
which occur. 


THE GAME 

In basic concept Battle Chess uses the moves of 
its namesake but introduces a variety of program¬ 
mable factors which come into play each time there 
is a confrontation. Thus one piece does not merely 
“take” its opponent—they have to fight the situa¬ 
tion out in an electronic simulation. 


PROGRAMMING 

A number of factors have been programmed into 
the simulation circuit which parallel those found in 
real life military situations: 

1. The strength of the various chessmen. 

2. The addition of arms which increase the fight¬ 
ing strength of a chessman. 

3. The reduction in fighting power due to supply 
problems (i.e. ditsance between duelling chess¬ 
men and their respective King’s squares). 

4. The proximity of supporting chessmen. 

5. The effects of morale. 

Combinations of resistors are used to determine 
factors 1 to 4. Resistance values interact With each 
other to affect the frequency of multivibrators (see 
Fig. 1). 

Morale, on the other hand, is time dependent, 
being at its highest immediately after a successfully 
completed duel. The charge remaining in a capa¬ 
citor simulates the effects of morale; the charge 
leaks away to nothing and the probability of win¬ 
ning the next duel drops from exceptionally high 
for the previously winning player to the normal 
value over a period of about ten minutes. 


SCORE COUNTER 

FUP-ROP 

- 

SsmB COUNTER 

TRIGGER 


TRIGGER 

MULTtVWAra 


MULTIVIBRATOR 


Fig. 1. Block schematic ol the Battle circuit showing 
how the basic units are interconnected 
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The factors which combine in the game of Battle 
Chess make it virtually impossible to predict the 
outcome of a simulated duel. Thus the tactics and 
strategy which have to be developed by the player 
are more dynamic, more subject to caprice, than 
those used in conventional chess and are designed 
to approximate the real life strategy of a series of 
military engagements. 

THE SIMULATION CIRCUIT 

The circuit is shown in block form in Fig. 1 and 
in detail in Fig. 2. 

Two conventional multivibrators A and B have 
their frequencies determined by external resistances 
connected between points 1 and 2 and the negative 
rail. The pulses of each multivibrator simulate the 
thrusts and parries of a duel and the resistances 
which combine to set the frequency of oscillation 


freeze with the winning side indicated by the light 
which remains lit. 

The opposing capacitor’s charge is neutralised 
through diodes D1 or D2 so that the other Darling¬ 
ton remains unswitched. The charge in the winning 
capacitor remains at the switching voltage as long 
as the lamp remains lit and leaks away once the 
circuit is switched off. This slowly leaking charge 
represents the player-army’s morale and if a fight is 
started before the charge has gone, it takes less time 
to build up to its switching value. 


CONSTRUCTION 

The simulation circuit layout is not critical and the 
Veroboard method of construction is ideal. 

The multivibrators may be constructed first and 
checked by temporarily connecting 3-3kfl resistors 


MULTIVIBRATOR A SCORE COUNTER A FLIP-FLOP SCORE COUNTER B MULTIVIBRATOR B 



Fig. 2. Detailed circuit diagram of the equipment. When setting the timing of the various sections It may be 
necessary to select the electrolytic capacitors Cl to C8 if the variable resistors VR1 to VR4 are unable to 
provide sufficient adjustment to “pull” the periods into agreement 


represent the value of the chessman, its distance 
from its King’s square—representing G.H.Q.—and 
the number of friendly chessmen and their relative 
positions. 

Pulses from each multivibrator are fed to a cen¬ 
tral flip-flop via capacitors C3 and C6. These pulses 
switch the flip-flop so that lamps LPl and LP2 are 
switched on alternately with a continuously varying 
mark/space ratio. The lamps, as well as providing 
a visual analogue of the duel, eventually indicate 
which side has won. 

Depending on which flip-flop transistor is on, a 
current flows in R7 or RIO providing a potential 
difference which charges capacitors C4 and C5 
through resistors R6 and Rll. Additional resistors 
may be inserted at points XX' and YY' to reduce 
the overall resistance and allow C4 or C5 to charge 
faster. 

These additional resistances simulate weapons used 
by the battling chessmen. When either C4 or C5 
reaches a voltage of about 0-7 volts, the associated 
score counter, a Darlington pair, switches on, caus¬ 
ing two things to happen. The Darlington pair out¬ 
put biases the flip-flop via R5 or R12, causing it to 


between points 1 and 2 and the negative rail. Con¬ 
nect the 9 volt battery and check oscillation with a 
voltmeter across R4 and R13. 

The flip-flop should be built on next, together with 
its trigger pulse feeds, C3 and C6. Connecting the 
battery should now cause the tamps to flash altern¬ 
ately in response to the multivibrators and clearly 
show the variation in mark/space ratio. 

When constructing the score counters remember 
that diodes D1 and D2 must be good ones. A 
reverse leak on one or both of these, even if only 
four to five micro-amps, will upset the impartiality 
of the circuit. Pliers used as a heat shunt when con¬ 
necting them will reduce the risk of damaging their 
characteristics. 

To test the score counters, connect the battery 
once more and briefly touch a lOkfl resistor, con¬ 
nected to the positive rail, to the positive lead of 
C3. The lights should cease to flash, LPl should 
stay lit and LP2 extinguish. 

Leave the circuit in this state to check that it is a 
stable condition; if the situation changes it will 
almost certainly be one of the diodes at fault. 
Repeat the test with C5. 
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Fig. 3. Veroboard layout 
ol the components on 01 
inch pitch board. In the 
present case this was cut 
from a sheet edge to give 
a blank area which can 
be drilled for fixing as 
required 


Finally, test that the flip-flop is charging the score 
capacitors properly. Temporarily connect a IMfi 
resistor across the points XX'. Discharge the score 
capacitors by shorting their positive leads to the 
negative rail before switching bn. The lamps should 
flash for lO to 15 seconds and then LPl will remain 
on and LP2 off. Repeat with the I MU resistor 
across the points YY' and the opposite situation 
should occur. Failure at this stage could be due 
to poor solder joints, leaky diodes or slight tracking 
between the Veroboard copper strips. 

THE PLAYING BOARD 

The playing board consists of a matrix of 64 4-way 
sockets. Each side utilises two of the pin sockets and 
the connections to each sicie are similar and may be 
considered separately. 

One of the pin sockets acts as a power feed and 
is connected to the negative line through a series 
resistor and a switch contact as in Fig. 4. Current 
is transferred to the other pin socket through the 
resistance of the chessman as shown in Fig. 5 and 
to the multivibrator through a second series resistor 
and switch contact. The two switches (i-pole, 8-way) 
act as Rank and File co-ordinates and locate the 



Completed circuit board for Battle Chess 
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chessmen which are to take part in the duel. The 
combined resistance of the two series resistors 
reduces the base biasing current in proportion to 
the chessman’s distance from its King’s square. 

In addition to the series resistance and the chess¬ 
man, each Rank and File is connected to its neigh¬ 
bouring Rank or File by a lOkfl resistor so that a 
parallel path exists through every other friendly 
chessman. Thus the number and closeness of the 
other chessmen modify the final value of the biasing 
resistance; in effect, they lend their support. 

BALANCING 

Variations in the chessmen, the weapons, and the 
playing board resistors are quite in order and may 
be interpreted as the usual random variations to be 
found in any army. However, the battle simulator 
must be balanced so that should an identical situa¬ 
tion occur, neither side has a better chance of win¬ 
ning. The four variable resistors VRl to VR4 are 
used to balance the circuit. 

Starting with the multivibrators temporarily solder 
a 4-7kn resistor to each biasing network at l and 
2 in turn, using 1 per cent or 5 per cent resistor if 
possible. Using a voltmeter across R4 or R13, count 
the number of oscillations in a ten second interval. 
Using the variable resistors, VRl or VR4 alter the 
frequencies until they are, as nearly as possible, 
equal. 


To balance the score counters, temporarily solder 
two 2-2Mn resistors across points XX' and YY'. 
Switch on the simulator and note which lamp goes 
out permanently first. Alter VR2 and VR3 until only 
a small change in each preset changes the lamp 
which goes out. In between each try, it will be 
necessary to switch off and discharge C4 and C5. 


THE PLAYING BOARD 

The playing board circuit is shown in Fig. 4 
together with details of switch connections. The 64 
sockets are arranged in an 8 X 8 array on a 
hardboard mounting which forms the top of the 
circuit cabinet and the playing board. The four 
single-pole, eight-way switches are mounted two at 
each end, the press on, press off mains switch, the 
lamps and phono sockets can be mounted in any 
convenient position. The line and interconnecting 
resistors are suspended in the wiring. The wiring 
can be tied into looms and attached to the 
inside of the wooden sides with wiring clips. The 
sockets can be attached with Araldite. 

The sides and ends of the cabinet are fastened to 
the hardboard top with glue and panel pins. The 
bottom, another piece of hardboard, is secured to 
the sides with a few screws so that it can be removed 
for servicing. Dimensions have not been given since 
size and proportions will vary with the constructor. 


Practical Electronics August 1973 


667 










































CHESSMEN AND WEAPONS 

In the present example the chessmen are con¬ 
structed on the four-way plug bases by soldering the 
correct resistors between the requisite pins as in 
Fig. 5 and Aralditing a length of plastic tube onto 
the base. The tube length may be varied to indicate 
the power of the piece; say three inches for a King 
reducing to one inch for a pawn. The name of the 
chessmen should be marked on the outside of the 
tube. The weapons are constructed similarly, using 
the phono plugs. Remember the Queening rule for 
pawns which successfully reach the opposite side of 
the board and make two Queens for each side. 

The more ambitious might wish to mount genuine 
chessmen on the bases or perhaps even make pieces 
of their own devising. There are plenty of tech¬ 
niques available today to do this. 

FINAL TESTING 

When 'all the wiring is complete and the circuit 
board secured inside with small brackets, the com¬ 
plete unit may be tested. Switch both sets of co¬ 
ordinate switches to Rank 1, File 8 and place a pawn 


from each side at this position. Switch op the simu¬ 
lator and observe the rate at which the lights Sash. 
Switch off and move the pawns to square: Rank 8, 
File I and switch on; the lights should now flash 
more slowly. Try the same tests with Kings; the 
same thing should happen except that the rate of 
flashing will be higher in both cases. Sometime dur¬ 
ing these tests a win will be indicated; when this 
happens, switch off and wait for the score capacitors 
to discharge, or alternatively discharge by shorting 
while switched off. 

Try adding other pieces to the board in different 
positions and note the different flashing frequencies 
of each combination. In some cases the difference 
will be hard to distinguish since the alteration will 
be small. 


RULES OF PLAY ^ 

The chessmen move as for conventional chess and 
for the same distances. 

When one player wishes to take an opposing piece 
and gain the occupied square, the attacking player 
must verbally challenge the other. Attacking and 
defending chessmen should be indicated and the 
defender cannot retreat from the challenge. 

Rank and File co-ordinates are set on the switches 
to indicate the squares holding each piece. Weapons 
may be selected at any time and plugged into the 
phono sockets. The battle simulator is now switched 
on and the two lamps will flash alternately for, 
typically, 20 or 30 seconds. The light which remains 
on after the flashing has ceased indicates the winner 
who can now occupy the disputed square. The 
loser is removed from the game and the winner con¬ 
fiscates the loser’s weapons for his own arsenal. 


TACTICS 

The interaction of Player/Chessman/Position/ 
Weapons/Morale alters the • proibability of any 
particular piece winning and if two roughly equal 
chessmen are opposed it is virtually impossible to 
predict a duel’s outcome. The tactics used in Battle 
Chess can be effective in placing a player in a 
stronger position. 

For example, wherever possible arrange to do 
battle as near as possible to your own King’s square 
or try to arrange that your own combatant is close 
to a number of friendly pieces—the more powerful, 
the better. 

Force battles to take place within 5 or 10 minutes 
of a previously successful battle or fight a delaying 
action for a similar time if a battle has just been 
lost. This avoids or uses the morale charge-on the 
capacitor. 

Of course there are the obvious comments like 
“don’t throw pieces away in needless battles, they 
may be useful for support if not for combat” and 
finally always remember, you may win a battle but 
lose the war. 


NOTES 

Although the rules of play suggested follow the 
rules of conventional chess, the equipment can be 
used to simulate modern battle conditions quite 
successfully. The playing board may be marked out 
with a map, and infantry, tanks, missiles can be sub¬ 
stituted for pawns, knights, rooks, etc. In this case, 
the constructor is left to formulate his own rules. 
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A j AUDIO compressor is an audio amplifier which 
is designed to provide a constant output level, 
from a wide variety of input levels. Thus it is 
sometimes referred to as a constant volume ampli¬ 
fier. It merely consists of an audio amplifier which 
is fitted with some form of automatic gain control. 

AUDIO COMPRESSION 

Reasons for using audio compression vary, as it 
can be used in several applications. It is often used 
in tape recording when something such as a debate 
is to be recorded, and only one microphone is to 
be used. 

The use of compression obviates the need to 
re-adjust the recording level each time a different 
person speaks, as, once the level is set for one 
speaker, the correct modulation depth will be 
obtained for all the others. This is of course pro¬ 
viding that all the speakers are close enough to the 
microphone, to provide a sufficient output to 
operate the compressor. This technique also removes 
the possibility of overmodulation at unexpectedly 
high volume levels. 
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Fig. 1. Drain current plotted against drain to 
source voltage for a typical n-channel f.e.t. 


Speech compression is u^d in some amateur 
transmitters in order to maintain a high average 
modulation level, without running, the risk of over- 
modulating an a.m. transmitter, or exceeding the 
maximum power rating of the power amplifier of 
an S.S.B. transmitter. 

Simple peak clipping circuits are sometimes used 
instead, but these introduce a comparatively high 
degreee of distortion, and are not as effective. 

USING AN F.E.T. 

When subject to a low voltage between the drain, 
and source terminals, an f.e.t. exhibits the charac¬ 
teristic of an ordinary resistor. This is illustrated in 
Fig. 1, which shows typical transfer characteristics 
of an n-channel f.e.t., at various gate voltages. 

It will be seen that the value of the resistor 
formed by the f.e.t. can be varied by altering the 
gate bias voltage. It can be varied from a few 
hundred ohms to many megohms. 

THE CIRCUIT 

A circuit diagram of an audio compressor utilising 
an f.e.t. in a voltage controlled attenuator is shown 
in Fig. 2. The input impedance to the unit is high 
(typically 2-5 megohm), and is suitable for use with 
a crystal microphone. The output is at a low 
impedance, and will drive virtually any amplifier. 
For low level inputs (i.e. below the level at which 
compression begins) a voltage gain of about 275 
is available with the gain control at maximum. 

In order to obtain the required high input impe¬ 
dance, the input transistor, TRl, is operated in the 
emitter follower mode. This is direct coupled to 
TR2, which is a common emitter amplifier. 

For TRl to produce a very high input impedance 
it must have a fairly high impedance in its emitter 
circuit. R4 is therefore used to raise the input 
impedance to TR2, in order to achieve this. 

The bootstrapping technique has been employed in 
order to virtually eliminate the shunting effect the 
biasing resistors, Rl, R2, and R3 would otherwise 
have on the input impedance. C3 is the bootstrap¬ 
ping capacitor. 
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Transistors TRl and TR2 are used mainly as a 
buffer amplifier, and provide only a small voltage 
gain. 

VOLTAGE CONTROLLED ATTENUATOR 

The output from TR2 is fed via C4 to the voltage 
controlled attenuator. R7 and R8 form a tap on the 
main supply rail, and produce a suitably low supply 
voltage for the f.e.t. TR3. The drain to source 
impedance of TR3, and R9 form an attenuator. 

With no negative bias at TR3 gate, the drain to 
source impedance is very low, and the attenuation 
factor of the circuit is very low. By giving a negative 
bias at TR3 gate, the drain to source impedance 
can be greatly increased, and the attenuation factor 
of the circuit thus also greatly increased. A voltage 
controlled attenuator is thus formed. 

The output from the attenuator is fed via C5 to the 
input of a very high gain common emitter amplifier, 
TR4, which is followed by an emitter follower stage. 


tens of ohms. This will have a negligible effect upon 
the attenuation factor of the circuit. 

Raising the input level slightly will increase the 
bias voltage, and due to the logarithmic relationship 
between bias voltage, and drain to source resistance, 
this will cause a much larger increase in this resis¬ 
tance, say a few hundred ohms. This will result in 
a noticeable, although still only small increase in 
the attenuation factor of TR3 and R9. 

INPUT LEVEL 

It is at this point that raising the input level will 
begin to have a very noticeable effect on the voltage 
controlled attenuator, as only a very small change in 
bias is required to cause an increase of several 
kilohms in the drain to source resistance of TR3. 
Thus an increase in the input level causes the gain 
of the amplifier to drop considerably, and so reduce 
the output level. The output level will therefore 
tend to remain almost constant, even though the 
input level may vary considerably, providing the 



Fig. 2. Circuit diagram of the complete Audio Compressor 


TR5. From the emitter of TR5, some of the signal 
is fed via C8 to the volume control, VRl, and then 
to the output socket. The remainder of the signal is 
used to produce the biasing voltage for the 
attenuator. 


RECTIFYING CIRCUIT 

It is fed via C6, and R14 to a rectifying circuit, 
consisting of D1 and D2. This arrangement is used 
as it provides a fast attack speed, but with a long 
decay. C7 smoothes the a.f. half cycles to a d.c. 
negative bias, which is then fed to the gate terminal 
of the f.e.t. 

There is not a linear relationship between the gate 
bias voltage, and the drain to source resistance of the 
f.e.t. With a low level input, only a small bias volt¬ 
age will be produced, and this will only alter 
the value of the resistor formed by TR3 by a few 


input is above the level at which compression 
commences. 

Even with quite high input levels (up to about 
0-25V r.m.s.) there will be only a small degree of 
distortion in the circuit. The use of modern silicon 
transistors in the input stage ensures a low noise 
level. 


TIME CONSTANT 

The attack of the a.g.c. circuit is very fast, being 
virtually instantaneous, but the time constant capaci¬ 
tor, Cl, produces a fairly long decay time (about 
two seconds). For most applications this is very 
desirable, as it prevents the gain from rising during 
brief pauses in the signal, and the noise which would 
subsequently accompany this. 

However, the decay time can be altered to suit 
individual requirements by altering the value of C7, 
the larger its value, the longer the decay time. 
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Fig. 3. Layout of the components on the Veroboard panel and interconnections to 
the other components. Note breaks in copper strips 
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CONSTRUCTION 

Constructional requirements will vary widely, as 
some constructors may wish to build the unit as an 
integral part of some piece of equipment, while 
others may wish to build it as a self-contained 
unit, as was the prototype. In either case the Vero- 
board layout shown in Fig. 3 can be used. 01 in 
matrix board is used, and the copper strips run 
lengthwise. These are cut at a number of points as 
, detailed in the diagram. 

A 7in X 4in X l -5in aluminium chassis fitted with 
a base plate is used as a case for the prototype. 
The Veroboard panel is mounted on stand-off 
insulators in order to hold it a little way clear of 
the metal case. A PP6 battery is used to power the 
unit, this particular type being a good fit in the 
case, and has virtually its shelf life with normal use. 

Phono sockets were use for SKI, and SK2 on the 
prototype, but almost any type of two way socket is 
of course suitable. Due to the high input impedance 
of the unit it is essential that the input lead is 
screened, in order to avoid unwanted noise pick up. 


InputM 


Fig. 4. Graph showing the relationship between 
the input and output voltages of the Audio 
Compressor. It can be seen that while the input 
changes from 2 to 50 millivolts the output only 
changes by 25 per cent 


RESULTS 

A graph of the results obtained on the prototype 
compressor is shown in Fig. 4. This shows input 
voltage versus output voltage. With an input of 
ImV or less the gain is fairly constant at about 275, 
or a little less. Above this the gain decreases slightly 
as the input voltage is raised, until it reaches about 
2-6mV, and increasing the input voltage above this 
level has very little effect upon the output. 

672 



A selection of readers’ suggested circuits. It should be 
emphasised that these designs have not been proven by us. They 
will at any rate stimulate further thought. 

This is YOUR page and any idea published wiil be awarded 
payment according to its merits. 


LIGHT-OPERATED POWER CONTROLLER 


T he circuit shown in Fig. 1 will control the a.c. 

power delivered to a mains load according to the 
level of light incident on a light-dependent resistor 
PCCl.jAn advantage of this circuit is its extreme 
simplicity and consequent'ease of construction. 

As the mains voltage rises the capacitor Cl is 
charged via the potentiometer formed by R1 and 
PCCI. When the voltage across Cl rises sufficiently, 
the bi-directional trigger diode D1 breaks down and 
Cl is discharged into the gate of the triac CSRl, 
switching it into its low resistance state. The com¬ 
bination of a O ImF capacitor and the breakover 
voltage of the diac of around ± 30V gives a sufficient 
pulse to ensure the triggering of most commonly 
available triacs. The diac also ensures that the maxi¬ 
mum voltage rating of the LDR is not exceeded. 
Since the triac and the diac are bi-directional this 
situation occurs on both positive and negative-going 
half-cycles of the mains supply, the triac returning 
to its high resistance state at each zero point in the 
cycle. 

The point in each half-cycle at which the triac is 
fired is determined by the incident light on PCCI, full 
power being delivered to the load when this point 
occurs very early in the cycle—i.e. with the LDR in 


REED RELAY CURRENT TRIP 


A SIMPLE over current protection device for a 
series regulated power suppply can be made 
using a thyristor and a reed relay. The circuit 
diagram is shown in Fig. 1. 

When a fault current appears across VRl and Rl, 
R2, diode D1 conducts a positive going signal to the 
gate of the thyristor CSRl which triggers it on. The 
reed relay then closes applying a negative voltage to 
the base of TRl cutting it off and reducing the out¬ 
put voltage to zero. 

The action of this cutout is much faster than a fuse 
thus protecting the sensitive semiconductors in the 
circuit being supplied. The lamp LPl will show a 
fault condition until the SCR is shorted by SI. If 
the fault is still present the thyristor will fire cutting 
off the supply again. 

The trip current is set by VRl. The reed relay is 
a miniature type about an inch long with 250 turns 
of 32 s.w.g. enamelled copper wire wound onto the 
reed relay body. 

G. Daddy, 
Hull. 
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darkness. The power that can be controlled by the 
circuit depends only on the ratings of the triac and 
on the adequacy of its heat sink. 

Components LI, L2, C2, R2 provide suppression 
of the radio interference generated by the switching 
of the triac and also protect the triac against mains- 
borne transients to which these devices are highly 
susceptible. Note that R2 is necessary to limit the 
discharge current of C2 which might otherwise ex¬ 
ceed the peak surge current of the triac when it fires, 
and destroy it. 

Owing to the triac’s low tolerance to over-voltage 
transients, this circuit can not be recommended for 
use with motor loads without the incorporation of 
additional protection. If circuit values are altered, 
to change the light threshold or the operating range 
of the unit for example, care should be taken not 
to exceed the current/power ratings of the LDR, 
the diac and the triac gate. 

Circuit values are such that incident daylight will 
result in no power being applied to the load, while 
the level of light around dusk will give full power. 

I. Page, 
London, S.W.13. 



REVERSING LIGHT WARNING 



M any cars have reversing lights fitted which are 
operated by a switch on the dash; this must by 
law be illuminated, but I have found it quite easy 
to leave the switch on accidentally for periods 
during the daytime. 

I therefore devised the circuit shown in Fig. 1. 
This is wired in parallel with the reversing light(s), 
and sounds a warning if left on for more than about 
a minute. When power is applied. Cl slowly charges 
up through VRl and TRl, the latter remaining 
switched on until Cl is almost fully charged. TR2 
is a conventional oscillator, but cannot operate until 
TRl turns off, when it produces a fairly loud tone 
in the speaker. 

Components are not critical. TRl can be any 
silicon pnp transistor, and any of the OC72/75/81/ 
82 range will work as TR2. Transformer T1 is a 
small audio output transformer out of an old tran¬ 
sistor radio. 

The circuit was made up on a small piece of tag- 
board, and mounted behind the dashboard. 

D. L. Atkin, 
Sheffield. 
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SUM OOLTS T»« EARTH 

Solar «.tonns rekas£ eimrniDii» 
amouBt erf energy which can affect 
fht tjjin of the earth on its aJtii. 
Some tea years ago tite French 
aslrononttr. A. Dmnjea. announced 
that the very large stHar tore of 
1959, sigftifica^itly affected the length 
of tte day. At that tiate he was 
not very well supported by 
eoheagses. 

-However, the very energetic solar 
storm which ocertrred in August 
1972 showed an even greater effect 
OB tte eajth. A change of more 
than iO rrtilLiseeonds was recorded. 
Tins particular seda- stans K (tie 
greatest that has been recorded dttt- 
M 4 g the 370 years tkil ebservations 
have been made. 

The storm, which began on 
August 2. slartfid with very pro 
Rounced sun spot activity aid ceit- 
tinued for a week, Al tk^ lime 
there were prates orbiting (he earth 
and sun arid the PkitH'vr- 19 af>aee- 
cr.tfi was on it« way towards ittpher. 
Il was thus a time when w faoi^ 
ntoHS amoufti of dati was to hand 
to record Ibo solar activity. 

The recorded citsnsic rays and 
the ejected plasma, meaauiements 
have enabled an eslrmaie, to he 
made of the Btaaner in wfticb (he 
rnagqctoephere is aifectcd. The 
storm also gave a chic to the 
mechanisoi involved. There is al¬ 
ways a short interval beUveen the 
time rf storm and the jolt that the 
earth .-eeeive,s. The theory B that 
the isarticlcs and the plasota dis 
turb the atmospheric circulation, 
thereby affecting the «irtli's spin. 


That the length, of day is iocte^v 
has been Icnctre fbr a iang time 
since it ean he deiermteed by 
observation, The rnant eftect ie 
from the ddai apHim hetem the 
stm-carth-fnaon syelem. 
condition thgt aSh^ the. tcsftil 0^ 
day s the Chandier webMe, 

NamerJ after iH digeawrer, the 
poles ot the caHk wobble ataiite 
the star background in 4 negoisur 
way over a period ' ot fourteen 
lUOiFha. Tbe c&ct t» ot: means 
well undersfood bat ft tp thought 
tD be due to the tbudx oenUe ctSHre 
of the earth. Tbe wobble effeeJ on 
the slQwi^ down of the eartfe's 
cotatton i» ^uperln^Dsed en the 
fPiHD tidal variatton. 

{ft fdditirm to the Chaoticr 
webbfe dtere is another effect 
aoJ (tei is tbe s«i»eal..varia)joq 
aS tbe Urge scale move^ 

raeiBa. 






smiiH 


a« FRANK W. RVIE 


The Eiemig wieda which blow h« 
the eastern «f the Boeky 

Mouatams. arc koewn as thic 
Chtiutolt winds and in scone areas 
do «wck dtmisft as ihae has been 
(TO way in which to prcilict wten 
these winds will eontc. It is thought 
that the winds Ate retailed to the 
temperature inversion layer of the 
almBSfhere on the windward skte 
df the CenGnentai divide. 

H is now ihought that the 
CfuBfioh wtod Df the Herthflm 
Plains is produt 
weight of the air I 
Stop whieh in t«TB raises tbe 
peralure. While this is heipfuliy 
vefcmaed in seme phrees ij ts B«ft 
iu others. 


Tb provide Bteans of pre- 

dretioa, amjift methods are h^g 
tried mu and powerful audio putsei 
are beiBg diieetei al the atanos- 
phere. These pulses transmitted 
vertically upward? every twenly 
sceewds. at a h^ttency pf KQeOHz. 
are teRcefed by (he iavefsida la$w. 
Higti power ig reared hecanse 
aase Of the temiieiatqre invtsswn 
layers are as high as IJXfdSL 
% using a dbppler soogder it is 
hop^ to meaaaee the proxies of 
the wiads. The wry obvious 
advaattec of thk, ht additiem to 
warnias, is the pmslble effects of 
ppItHtion carried %y air. Siting fac- 


Ihfmgh it is rvo 
on the same 
solar activity. 



Tte earth seems to have a wider 
i ufl e eiirr in (he solar system than 
was first tiTot^t. Tbese are from 
tinsE to tiiae reports that certain 
asteroids come close to the earth 
Mtd but for the peace of cosmic 
law the bmne pEuiei would be 
to a catastrophe, k has 
/ been esteblTshed that certain of 
ti» akeroids are gpccifictdly 
mvolved. 

The asteroids which beve been 
(he subject of ^jeeiarstedy are tbe 
Apotkr grotto egaastingr of Toro 
and Oec^a{Aies. which crass tbe 
carte's orbit, and tfaree of the Amgr 
grottp. Eros. Amor spd kvar. wbui 
cross Wtars* orbit. These arsteTOki* 
ail have orbhs round the sun hut 
are jmrturbed is these orbits by tbe 
adfejiepee of the planets. 

Ctf the five asteroids nanretl 
Geographos is perturbeti oafy al 
raed^. Ttic oteers have regular 
pcriudlcai perturbations in reflect 
of tee eBrth’,s orbital period. The 
way in which thi.s- occurs is ratho- 
cenapfci for there is libralieit in 
the sense teat the whale psrttem of 
^ orbit cocks about the e3.rte-sun 
hne. Librnrino or rocking implies' 
a periodic variation in the orbital 
jgcfiml bnl tlie period can oscillate 
wilkottt hhrstton. 


The periods ttet emeige arc in 
the ratio five earth petiods to- eight 
Toro which wotdd resuR ia a periocl 
of ISB years were it not compheated 
r a reJatioa with Venas. This rsrtio 
' 5 VcMB periods to (3 Toro gives 
a. ffifi year period. The Toro orbit 
is therefore an unstabk one and it 
» eapectod teat this may change 
after 220© A.D. 

The complicitted nature of these 
varialtons of one body JCfilative to 
another » further indicated by the 
fact that tec earth perturbs Ffos 
once every seven years aad also the 
asteroid Amor is tuvolveri. In the- 
ease of Ivar two perturb^iaiis take 
place each 28 years. This has 
a libration of 300 years j-iid i.s the 
most ittabic of the orbHs- 


TAUdMECE 

It seems that there is to be a 
further revpltaf ef the Velikovsky 
theories. Clattes arc being made as 
U) confirmaiiofi of such events a.s- 
the JupitCf rmfiaiirms urd the mag- 
Btek- remarmnee- in the oKfer nuum 
raekg wkh a suggeiiton that the 
«atD craters and valleys are no 
mote thaq 308 years old. 

Ac any rate no on* can say that 
the uttouqmteai w^ld and that of 
^■ce is dull. 

PraeticaC Etgeiiente Auguk 1973 
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Stnictiif 

byK. Lenton-Smith 


T he piano, without which no home 
was complete several decades 
ago, is now becoming a rarity 
because of iack of iiving room space 
and other home entertainment attrac¬ 
tions. This could be one of the 
reasons that the guitar is often 
the choice of younger members of the 
household. 

For those wishing to take up a 
keyboard instrument, the Electric 
Piano is ideai as it occupies very 
iittle room. 

ELECTRIC PIANO 

The majority of these instruments 
suffer from only one disadvantage 
musicaiiy in that the keyboard is 
usually a standard five octave (organ) 
manual, against the seven octaves of 
a conventional piano. Nevertheless, 
five octaves are probably sufficient 
for performing many piano pieces. 
The cost of a compact electric piano 
may be well under £200 and, with pre¬ 
amplified output, it is small enough 
to be easily carried in one hand. 

The percussive attack of a con¬ 
ventional piano will readily penetrate 
a semi-detached house’s party wall: 
the volume of its electronic counter¬ 
part may be closely controlled. Ear¬ 
phones may be used for practising 
late in the evening. The electric 
piano allows changes of timbre, such 
as harpsicord, honky-tonk, etc. 

Like the majority of commercial 
electronic organs, the generated 
waveform is square. The usual 
arrangement is a Hartley (sine wave) 
oscillator, followed by a series of 
Eccles-Jordan frequency dividers 
(square wave) for each of the 12 
chromatic notes of the scale. The 
dividers are invariably integrated 
circuits as these are cheaper and 
smaller than discrete components 
and there is a saving in labour costs. 

Piano tuners introduce small 
frequency variations to give an 
ordinary piano added brilliance: 
from middle "C , notes above are 
progressively sharpened slightly, 
those below flattened. A system of 
electronic frequency division—where 
tuning must be mathematically 
accurate—would thus not appear to 
be ideal. In practice, however, this 
discrepancy is not noticeable and, 
given a good amplification system 
(which could well be the domestic 
hi-fi), a most realistic piano results. 


KEYING METHODS 

Diode-keying is normally used in 
electric pianos as this keying method 
can produce the attack/decay charac¬ 
teristics of a piano fairly closely. 
Keying transients are practically 
eliminated by diode-keying and 
precious metal keyswitches are not 
vital. 

Some instruments employ a 
changeover keyswitch where a 
capacitor is kept charged while the 
key is at rest, depression of the key 
connecting the charged capacitor to 
the gating circuit. Filtering is 
required to round up the square 
waveform somewhat, usually in the 
form of a passive low pass filter for 
"piano" tone. 

The keyboard may be split by a 
special control so that a "walking 
bass” may be played without drown¬ 
ing the melody line. The Italian- 
made "Instapiano" is an attractive 
example, retailing at about £160 
before VAT. It measures approxi¬ 
mately 48in X lOin x 4in. 

PLAYING TECHNIQUE 


unlike the automatic decay of the 
piano/electric piano. Thus, attemp¬ 
ting to play piano scores on an organ 
results in disaster—and what does 
one do with the pedals except 
"double” the left hand part? 

Any constructional project is a 
challenge to get the beast working I 
Those who build musical instruments 
have a further challenge: they have 
to master the keyboard, and organists 
who like lighter music will find three- 
stave scores few and far between. 

CHORD SYMBOL BASIS 

A number of readers will have built 
the P.E. Organ, or have access to an 
organ, and may have experienced 
difficulty buying music. The usual 
light music score includes the piano 
part, guitar symbols, vocal line and 
chord symbols; the last two are the 
important items for the organist. 
With practice, it is possible to play 
both manuals and pedals using this 
information only, on sight. 

Memorising what each chord 
symbol involves might, at first, 
appear to be a mammoth task. 
Relatively few key signatures are 
used in popular music as the pub¬ 
lishers have to bear in mind the 
transposing instruments (normally 
B flat and £ flat) which may be 
involved. The same chords appear 
frequently and can be memorised as 
easily as the resistor colour codel 
But it must be admitted that the 
"bridge" often moves into a strange 
key and demands quick thinking. 

The right hand part (melody) 
should be registered in a way that 
makes the tune fairly incisive; single 
notes are often sufficient and, where 
chords are used, the melody should 


The electric piano has a number of 
advantages, not least that there is 
plenty of published piano music 
available. Though it may take a 
little getting used to, pianists have 
no difficulty in accustoming them¬ 
selves to the electric piano. 

Where two manuals and a pedal 
clavier are concerned, printed music 
is not so readily available—unless 
the player particularly likes Bach and 
Handel. 

The pianist who turns to the organ 
has some formidable problems: as 
long as a note is held it will sound. 


still stand out. 

The left hand part is the problem 
and should be considered along with 
the pedals; accompaniment registra¬ 
tion should be quieter and less clear 
cut than the upper manual. The 
root of the chord symbol can be used 
for the pedal on the downbeats, at 
least for a start, alternating with the 
fifth (i.e., C —6) except where a 
diminished chord is indicated. The 
left hand plays the notes Indicated 
by the chord symbol, according to 
the time signature and rhythm, using 
an "anchor note" if possible. 



THE GOOD COMPANIONS 

11 AkV Two magazines designed to complement 
I each other in every way—together satis¬ 

fying the needs of everyone involved in 
eiectronics. 

Everyday Electronics caters especiaily for the newcomer to this field, 
and shows, in full detail, how to build many simple and useful items; 
it also offers advice and facts on constructional methods and 
component purchase, and explains circuit operation in straightforward 
terms. 

This month EE features the construction of a Waa-Waa Pedal, a Slave 
Flash for photographers, and an Electronic Doorbell. 

It's all quite simple with Everyday Electronics. August issue on sale 
Friday, July 20. 15p. 
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PE Sound Svnthesisor 7 

REUERBEROflOn HHIPIIFIER 
RIRG HIODUIHTOR 
PERR lEUEl niETER 

By G.D.SHAW 


T his month the Ring Modulator, Peak Level 
Meter circuit and Reverberation Amplifier will 
be described. 



THE RING MODULATOR 

With the ring modulator the combination of 
tones follows a complex inter-relationship in which 
each frequency is continuously compared with and 
modified by the other, The resultant output pro¬ 
vides a tone which consists of the sum and difllerence 
of the two constituent frequencies appearing at the 
same time and irrespective of the phase angle rela¬ 
tionship. A typical output waveform is illustrated in 
Fig. 7.1. 

A simplified version of a transistorised ring modu¬ 
lator manufactured in integrated circuit form by 
Silicon General, the SG3402N, is shown in Fig. 7.2 
and it will be seen that the device consists essen¬ 
tially of a pair of cross-coupled differential pairs 
jointly controlled by a third. Two inputs—carrier 
and modulator—are required and it is important 
to differentiate between them since the input 
characteristics are dissimilar. Application of equal 
amplitude signals to both inputs will provide an 
output showing about 3dB voltage gain over either 
input. Removal of the modulator with the carrier 
still applied will result in attenuation of the output 
signal by about 50dB but if the input situation is 
reversed the output attenuation is only about 35dB. 

Although designed primarily for communications 
work the SG3402N is capable of working satisfac¬ 
torily at quite low audio frequencies by the simple 
expedient of increasing the value of the input and 
decoupling capacitors. 

The frequency response of the prototype Ring 
Modulator is shown in Fig. 7.3 and will be seen to be 
effectively flat over most of the audio frequency spec¬ 
trum. The theoretical circuit is shown in Fig. 7.4. 

The maximum input signal to the SG3402N should 
not normally exceed 50mV and thus resistive 
attenuators are employed to raise the signal level, at 
the input sockets, to one more compatible with the 
signal level normally routed around the Synthesiser. 
With the value of resistors employed in the 
attenuators the maximum input signal at the sockets 
is thus 500mV. 


IC2 serves to amplify the output to about 1-5V at 
the rated input levels and measured at an input 
frequency to both channels of I kHz. The ring 
modulator shares a circuit board with the peak 
level meter and the board layout is shown in 
Fig. 7.5. 



Fig. 7.1. Typical output waveform of the Ring 
Modulator 



678 


Fig. 7.2. Schematic of a transistorised Ring Modulator 
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RANGE OF SOUNDS PRODUCED 

The type of modulation produced by the ring 
modulator is wholly unique and thus also is the 
range of sounds which can be achieved. If two pure 
tones are modulated together and one of them is 
reduced in frequency the resultant output would 
follow the pattern shown in the table below which 
relates the sum and difference output frequencies 
with the carrier and modulator input frequencies. 


Frequency (Hz) 

Carrier 

700 

600 

500 

400 

300 

200 

100 

Modulator 

400 

400 

400 

400 

400 

400 

400 

Sum 

1100 

1000 

900 

800 

700 

600 

500 

Difference 

300 

200 

100 

b 

100 

200 

300 


It can be seen that, whereas the resultant sum 
reduces in frequency at the same rate as the carrier, 
the frequency reduces until it reaches zero (carrier 
and m^ulator frequencies equal) and then, as the 
carrier continues to fall to a frequency lower than 
that of the modulator, the difference frequency 
begins to increase at a proportional rate. 

When the inputs to the Ring Modulator carry 
harmonics in addition to the pure tones then further 
series of frequency relationships are established for 
each of the component harmonics relative to one 
another and to the respective fundamentals. 

When the inputs to the Ring Modulator are of 
symmetrical triangular waveform, such as those 
generated by the v.c.o., an extremely complex set 
of frequency relationships is established due to the 
fact that, in common with the square wave, the 
triangular waveform consists of a long series of odd 
harmonics. 


SOUNDS PRODUCED 

The Ring Modulator may be used in many 
fascinating ways from the creation of truly “out of 
this world” sounds, the transposition of tones, bell- 
like sounds, Dalek voices and so on. 

In the transposition of tones the only stipulation 
is that the modulating frequency should be higher 
than the carrier (this latter input consisting of the 
signal for treatment). For any range of carrier 
frequencies the modulator frequency has to be cal¬ 
culated or determined empirically, to provide the best 
overall effect. 

An interesting experiment can be carried out by 
cascading two Ring Modulators. The first uses the 
v.c.o. output to drive carrier and modulator inputs 
so that the output is the octave, or second harmonic, 
of the v.c.o. frequency. The output of the first Ring 
Modulator is used to drive the modulator input of 
the second whilst the carrier input is derived direct 
from the v.c.o. Thus the difference frequency of the 
second Ring Modulator will follow, exactly, the per¬ 
formance of the v.c.o. while the sum frequency will 
approximate to a quarter-tone accompaniment about 
li octaves higher. There are very wide possibilities 
for further experiment in this kind of mode. 

A true bell tone is very complex and is difficult 
to imitate with exactitude. A fairly close approxi¬ 
mation may be achieved by adjusting two v.c.o.s to 
a mid-range frequency, say 4kHz, such that there is 
a slow beat between them. One v.c.o. then drives 
the carrier and the other v.c.o. the modulator input 
of the Ring Modulator. A very important charac¬ 
teristic of the bell-like sound lies in its envelope 
presentation and this will be dealt with in detail in 
next month’s article. 
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PEAK LEVEL METER 


RING MODULATOR 



COMPONEHTS... 
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Dalek voices are produced by modulating a modi¬ 
fied speech waveform at about 15-20Hz. Speech, and 
certain types of music waveforms, can present a very 
peaky characteristic. The peaks are multiplied and 
added to in the Ring Modulator and thus, if the 
signal is remodulated several times, or if the initial 
frequency is high enough, the final output contains 
a large proportion of sound which bears a remark¬ 
able resemblance to white noise. The cure for this 
problem is to limit the dynamic range of the signal. 

Although exact details for such a procedure he 
outside the scope of this series a passable method is 
to feed the offending signal to one of the input 
amplifiers and, observing the output on the oscillo¬ 
scope, adjust the gain of the amplifier so that a large 
proportion of the peaks are suitably clipped. If 
insufficient gain is available to allow an adequate 
degree of clipping the input amplifiers may be cas¬ 
caded. The achievement of clipping means, of 
course, that the amplifier output signals are swinging 
between the positive and negative saturation levels 
and it will be necessary to attenuate the signal quite 
considerably. Fig. 7.5 shows a simple resistive 
attenuator which will give a signal of about 500mV 
from a 28V source. 

CONSTRUCTION 

Construction of the Ring Modulator is quite 
straightforward and the only critical requirement lies 
with the observation of polarity of the tantalum 
capacitors. Reversal of any of the capacitors will 
result in noisy operation and, in the case of the out¬ 
put capacitor, no operation at all. Tantalum capa¬ 
citors have been specified in order to conserve space 
and there is no reason why lOV electrolytics should 
not be used with an alternative layout. 

SETTING UP 

Setting up the Ring Modulator consists only of 
providing a modulation balance. Set VRl to its mid 
position and apply a common sine wave signal to 
both inputs. The output of the ring modulator will 
be a sine wave which is twice the frequency of the 
applied signal. If the modulation is out of balance 
alternate peaks of the output signal will be at 
different amplitudes. VRl should be adjusted to 
bring the peaks into line at which point the modula¬ 
tion is balanced. 

It is a wise precaution to repeat this measurement 
from time to time to adjust for settling down changes 
in the circuit. 

THE PEAK LEVEL METER 

In the prototype Synthesiser the meter circuit was 
based on a precision rectifier built around a pair of 
operational amplifiers arranged in such a way as to 
eliminate the effect of the diode forward voltage 
drop. Although the circuit proved to be very respon¬ 
sive it was found, in practice, to present a number 
of disadvantages. In the case of a.c. signals the 
meter would read only the r.m.s. value and although 
it was possible to determine the actual peak-to-peak 
value by application of a form factor for known 
wave shapes the determination of peak-to-peak 
values for complex waveforms proved to be a very 
hit and miss affair. 

In a similar manner, when endeavouring to set up 
reasonably accurate programming voltage levels, the 
rapid response of the meter frequently made it diffi¬ 
cult to establish the peak value with any certainty. 




-15 V 


In consequence it was decided to redesign the meter 
circuit to provide a peak reading facility which 
would be independent of waveform configuration 
and which would have a reasonably long decay time 
to ease the establishment of transient level readings. 
The final circuit is shown in Fig. 7.7. ICl and its 
associated circuitry is used to read the positive 
going peaks while IC2 deals with the negative side 
of the signal. The operation of the circuit is as 
follows. 

CIRCUIT OPERATION 

The input sensitivity of the circuit at the i.c. is 
about 200mV for full scale deflection of the meter. 
A positive going peak of this value appearing at the 
input of ICl will swing the output positive to a 
level determined by the values of R4 and R5, about 
6-2V with the values shown, and capacitor C3 will 
charge at a rate determined essentially by the effec¬ 
tive current output of the i.c. The charging time 
for C3 is thus rather less than 2mS. 

If, after the capacitor is charged, the 200mV peak 
is replaced by a lower amplitude peak the tendency 
would be for the i.c. to swing hard negative due to 
the effect of the positive voltage from the capacitor 
appearing at the inverting input via R4. This ten¬ 
dency is prevented by D2 which.limits the negative 
excursion of the output to about 700mV. 

Capacitor C3 discharges through R4 -t- R5 in 
parallel with R8 + R (meter) and with the values 
shown takes about 1 second. Cl serves to decouple 
a.c. from the feedback loop and thus effectively 
extends the accurate range of the meter to about 
15kHz. ■ ... 

The negative reading side of the circuit around 
IC2 operates in the same way. The circuit is adjusted 
to give full scale deflection with inputs of l OV and 
0-5V by means of the attenuator Rl, 2, 3 and VRl. 

In using the meter it should be borne in mind that 
the peak values recorded represent only half the 
total peak to peak value of the signal being measured 
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and this applies whether the signal is symmetrical 
or assymmetrical about zero. When measuring low 
frequency programming signals of greater than IHz 
the minimum reading of the meter between peaks 
does not represent the lowest level of programming 
signal. 

This particular meter circuit can be used to mea¬ 
sure the peak level of single transients of not less than 
2mS duration. 

ADVANTAGES 

In tape recording the peak level meter scores 
heavily over the more conventionally employed v.u. 
meter. This latter meter will record what is essentially 
the mean value of signal presented to the recording 
amplifier and if, as is generally the practice, the 
mean level is kept to about — 3dB transient peaks 
are likely to be clipped or otherwise distorted. The 
use of a peak level meter, on the other hand, enables 
the peaks to be kept within the limits imposed by 
the recording amplifier and thus enhances the overall 
quality of the recording. 


THE REVERBERATION AMPLIFIER 

Reverberation, or re-echo, in varying degrees is a 
characteristic observed in the majority of large halls, 
public buildings, cathedrals and so on. In a properly 
designed and proportioned hall the inherent rever¬ 
beration characteristic can provide a high degree of 
enhancement to the sounds occurring therein. 



rMIXESI 


Fig. 7.8. Block diagram of Reverberation Amplifier 


COMPONENTS... 


REVERBERATION AMPLIFIER 

Resistors 

R1 10kn 

R2 270k Q 

R3 39kn 

R4-R5 10k n 

R6 47k Q 

R7 10k n 

R8 6-8k n 

R9 390n 

RIO 10kQ 

R11 20kn 

R12 10k £2 

R13 10kn 

R14 10k £2 


Capacitors 

Cl, C2 O'VF ceramic 

C3 620pF silver mica 

C4 4/aF 15V elect. 

C5 O'VF ceramic 

C6 O'VF ceramic 

C7, C8 lOfiFieV tantalum 
C9 0'003iiF ceramic 

CIO See text 

C11,C12 lOOfiF elect. 22V 

Transistors and Diodes 
TR1 2N2905 TR3 BC209C 

TR2 2N2219 D1, D2 IN914 

Potentiometers 

VR1 5k£2lin. 

VR2a/b 10k £2 lin. (two ganged) 

VR3 10k £2 lin. 

Integrated Circuits 
IC1, IC2 741C 

IC3 MFC6040 

IC4, ICS, IC6 741C 

Miscellaneous 

Spring line type HR42 (Henry's Radio), JK3, JK4 
3'5mm jack sockets (2 off), SK2 2mm miniature 
socket 


R15 3'9k£2 
R16 110k £2 
R17 13k £2 
R18 13k £2 

wire- 

sea / 


R21 56 a 
R22 10k a 
R23 10k a 
R24 120k a 
R25 10kn 
R26 See text 

All 5% i watt carbon unless 
otherwise stated 


BUFFER AMPLIFIER 
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There are a number of ways in which a reverbera¬ 
tion characteristic may be simulated and for the Syn¬ 
thesiser the spring line has been adopted. The spring 
line consists essentially of a coiled wire, usually 
steel, which is supported at each end in a compliant 
mounting. At the supported ends of the wire are 
fitted electro-magnetic transducers. The line driving 
transducer is excited by an electrical signal and the 
varying field produced causes mechanical wave 
motion to be set up in the spring line. When the 
wave motion reaches the far end of the line it sets 
up an electrical disturbance in the line output trans¬ 
ducer which is, in turn, amplified and added to the 
original signal. 

Part of the original mechanical wave motion is 
reflected back down the spring line where it serves 
to modify further on<oming waves. 

Because a mechanical wave motion travels much 
more slowly than its electrical counterpart the signals 
received by the line output transducer are delayed in 
relation to their source, such delay being a function 
of the length of wire used in the spring line. Thus 


the mixing of the mechanically routed signal wth 
the source signal constitutes the addition of an TCho. 
However, since the wave motion, once initiate, 
travels back and forth along the line until its ampli¬ 
tude becomes negligible, multiple echoes are received 
and added to the original signal. 

The spring provides a further useful feature having 
its origin in the fundamental resonance of the sys¬ 
tem. When the driving signal passes through the 
frequency at which the system resonates the output 
is characterised by a sudden increase in amplitude 
which can be as much as three times the value of 
the normal mean signal. Similarly when the input 
signal passes through any of the harmonics of the 
resonant frequency there is an increase in output 
signal amplitude, and this despite the fact that the 
useful range of the HR42 spring line, specified for 
this project, is limited at its upper end to about 
4kHz. In the prototype unit quite high resonant 
peaks were occurring at up to 25kHz. 

The combination of multiple echoes and varying 
amplitude imparts a very useful “singing” quality to 
an otherwise uninteresting sound. 


LINE DRIVER AND OUTPUT AMPLIFIERS 
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The spring line unit Is attached to the p.s.u. sub-frame 


DESIGN CONSIDERATIONS 

In the prototype the line driving amplifier 
employed a single transistor operating in what was 
effectively Class A. The current consumption was 
thus quite high even in the quiescent state and small 
variations in the power supply rails gave rise to noise 
in the system which was apparent when the line was 
not being driven hard. For the modular version of 
the Synthesiser therefore the Reverberation Ampli¬ 
fier was redesigned to reduce current consumption, 
reduce hum and noise to negligible proportions and 
to enable a complete divorcing of the voltage con¬ 
trolled part of the system so that the amplifier may 
be built as a separate unit outside the Synthesiser 
project altogether. 

A fortuitous advantage of the re-design provides 
sufficient power capability to drive two HR42 or one 
HR42 and one HR162 spring lines in series. It is 
also theoretically possible to drive up to four of the 
above spring lines in any combination although this 
latter method has not been tested. 


The advantage in using more than one spring line 
in the system lies in the fact that it is rare for two 
units to have identical resonances and delays and 
thus two or more units can only improve the overall 
reverberation characteristic. 

CIRCUIT ACTION 

The Reverberation Amplifier is shown in block 
form in Fig. 7.8 and the circuit diagram in Fig. 7.9. 
The input signal is led to a buffer stage, which has 
a gain of about six, and the output is divided to 
drive the line amplifier and output mixer. The 
line driving amplifier consists of a prenamplifier 
built around a 741 and having a gain of about 
five which, in turn, provides drive to a cample- 
mentary pair of output transistors having a current 
gain of about a hundred and arranged in what 
may be described as a modified form of Class B 
The output from this latter stage provides drive 
direct to the spring line through a current limiting 
resistor. 

The output from the spring line is amplified by 
another 741 having a gain of about nine and then 
led to the input of the voltage controlled amplifier 
based on the Motorola MFC6040. This latter device 
has a ntraximum gain of 13dB and a maximum 
attenuation of about 77dB relative to the input sig¬ 
nal which should not normally exceed 500mV r.m.s. 
The overall gain of the spring line route is thus 
arranged so that when the line is being driven hard 
at a non-resonant frequency, and with the v.c.a. at 
maximum gain, the output of the v.c.a. is equal 
to the output of the buffer stage and thus the mixer 
IS receiving equal components of reverberated and 
non-reverberated signal. 

The choice of component values for CIO and 
R26 may be arrived-at by experiment on the basis 
of the measured response of individual spring lines. 
To limit the gain to 6dB a value of 2-5 kilohms for 
R26 will suffice. 

The value of CIO is calculated on the basis of the 
frequency at which the 6dB gain is required. For a 
frequency of 15kHz the value of CIO is.lnF. 

The v.c.a. is controlled by a separate 741 
arranged in the differential mode. The non-inverting 












REVERBERATION AMPLIFIER 



Fig. 7.10. Board assembly of Reverberation Amplifier 


input is driven by a positive voltage derived from 
the divider R6, R.8, and VRl. The high and low 
ends of VRl are thus at 3-OV and 1-75V respec¬ 
tively. The inverting input of the 741 is driven by a 
control voltage which should have a swing of 2-5V 
maximum. 

With VRl at its minimum setting a control voltage 
swinging from zero to — 2-5V will have the effect of 
attenuating the output of the M'FC6040. With VRl 
at its maximum setting a control voltage swinging 
from zero to -1-2-5V will have the effect of amplify¬ 
ing the output of the MFC6040 from —77dB to 
-blSdB relative to its input signal. The inverting 
input of the 741 acting as control amplifier is pre¬ 
wired to a ramp generator which will, of course, 
provide the first mode of v.c.a. operation described 
due to its negative going output. 

If external automatic control of reverberation is 
not required it is essential that a grounded jack plug 
be inserted into the control socket otherwise the 
output of the control amplifier will be insufficient 
to swing the MFC6040 through its full range. 

The current sink at the control input of the 
MFC6040 is specified as being 2mA but on several 
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Rg.7.12. Two methods of providing external control using a potentiometer and voltage control input. 
The relevant response curves are located below each circuit. Here the OdB reference equals a 13dB gain 


tested in this mode of operation quite a wide varia¬ 
tion in current sink was noted, the highest being 
25mA. Consequently it is prudent to provide a series 
transistor on the output of the control amplifier, 
with overall feedback, in order that the 741 is not 
overloaded. The effect of overload will not neces¬ 
sarily damage the 741 but it could result in a reduc¬ 
tion of the output voltage swing which would, in 
turn, affect the operation of the 6040. 

OMITTING THE V.C.A. 

For some possible applications the use of voltage 
control will not be required and, in these instances, 
the MFC6040 and associated control amplifier may 
be omitted from the circuit entirely. In these cir¬ 
cumstances the gain of the line output amplifier, 
IC5, will have to be increased by a factor of 0-33 if 
equal reverberated and non-reverberated components 
are required at the mixer. The output of ICS is, of 
course, led direct to C6 on the mixer in these latter 
circumstances. 

CONSTRUCTION 

Fig. 7.10 illustrates the recommended circuit board 
layout. Construction is quite straightforward and the 
only setting up required lies in checking the signal 
levels at the outputs of the buffer, line driver and 
line output amplifiers to ensure that equal signal 
components from both sources are presented at the 
mixer when the line is being driven hard at a suit¬ 
able non-resonant frequency. 

Adjustment of the gain of the line output amplifier 
may be necessary and is dependent upon the 
mechanical attenuation of the line which may differ 
unit to unit. 


Overall construction of the module should 
generally follow the pattern previously described and 
the wiring of the components on the front panel and 
McMurdo plug are shown in Fig. 7.11. 

In this module the McMurdo plug has insufficient 
ways to carry all the necessary signals and two extra 
leads are required to carry the control and audio 
signals to the reverberation amplifier. Reference to 
the block diagram in the first part of the series will 
show that the control signal is derived from RG2 
while the audio signal is derived from the right 
channel of the output amplifiers yet to be described. 
Suitable leads should be run from the respective 
McMurdo sockets on these latter modules to a point 
immediately adjacent the left hand Vero endplate 
and secured to the connector mounting rail by a 
tie of lacing cord. From this point they should run 
along the end plate and be trimmed so that they 
protrude about three inches beyond the front face 
of the mainframe. Terminated in 1mm miniature 
plugs, they can be mated with their respective sockets 
on the Ring Modulator circuit board when the 
finished module is being inserted into the mainframe. 

A fully comprehensive revision of all module inter¬ 
connections will appear in part nine of the current 
series. 

For the benefit of constructors who may wish to 
explore the possibilities of the MF1C6040, Fig. 7.12 
shows two possible methods of providing external 
control with the resistance attenuation curve and 
the control voltage attenuation curve of this very- 
versatile device. 

In Part 3, VRZ is WOii. 

Next month: The Envelope Shaper will be described. 
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D espite the recent adoption of 
the title International London 
Electronic Components Show, the 
RECMF of old seems still to be 
so called both on the official cata¬ 
logue and by many of the exhibitor 
and visitors. However, this year it 
bears little resemblance to the Radio 
Show of old. Perhaps the word 
“ subdued ” would describe the 
feeling best. 

In size the 1973 event was not 
much more than half its previous 
size, a factor with very mixed 
blessings. Obviously less to see but, 
to the footsore visitor, the possi¬ 
bility of seeing most of what was 
there without total self destruction. 
And, with less stands, the oppor¬ 
tunity to see around, particularly 
from the gallery which of recent 
years has tended to become rather 
crowded. 

The last three years have left 
their mark on the industry very 
clearly, as the drop in the number 
of exhibitors showed and it is a 
shame that some of the more 
famous semiconductor manufac¬ 
turers chose not to attend. In fact 
the usual bustle, not just of visitors, 
but of new products looking for 
markets seemed to be muted almost 
out of existence. 

Generally the atmosphere was one 
of trading rather than of displaying 
goods, many of the stands were 
totally bereft of components or 
equipment and, in this sense were 
a sad disappointment to the engi- 
• neer looking for new “ toys”. How¬ 
ever, the current world shortage 
situation in many component areas 
probably goes a long way to 
explaining this. 

RADIO RECEIVER I.C.s 

Perhaps one thing which stands 
out from the show is the advances 
being made in integrated circuits. 
It is almost possible to build any¬ 
thing using i.c. techniques these days 
and several of the manufacturers 
are trying to prove just that. 

Fairchild displayed a set of 
interesting chips which can make up 
an a.m. or f.m. radio with stereo 
facilities. These included their 720 
single chip a.m. receiver, the 
753 f.m. gain block, the 758 phase- 
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lock loop stereo decoder, the 3075 
f.m. i.f. amplifier and limiter, 
detector and audio pre-amplifier, 
and the 706 audio power amplifier 
with a 5W capacity. 

Both mono and stereo were 
demonstrated using either one or 
two of the power amplifier chips 
and considering the nature of the 
halls at Olympia, reception was very 
impressive. 

To an extent of course, this type 
of display is really more of an 
application demonstration than a 
display of new concepts since the 
basics of such systems have been 
around for some time. However, it 
does illustrate the way in which we 
can expect developments to go as 
more and more roles are taken over 
by the chip. 

FILTERS USING I.C.s 

Take the case of Siliconix of 
Swansea, well known in the semi¬ 
conductor market. They are investi¬ 
gating the ability of multi-amplifier 
chips to provide variable filters, of 
great value in audio control and 
generation applications. 

They have already developed 
some prototype circuits using their 
LI 14 triple operational amplifier and 
have established that it is possible 
to obtain a tuning range from 0 to 
lOkHz, that high Qs up to 400 can 
be obtained, that high and low 
bandpass is simultaneously possible 
and that both gain and Q are easily 
programmable. 

Indeed, they have even developed 
a digitally programmed filter using 
one of their own DG 507 chips to 
do the logic control. 

With all this compression of com¬ 
ponentry on to chips one almost 
wonders where the discrete com¬ 
ponent went. But one only has to 
look at any circuit board to see the 
still tremendous need for power 
rail droppers, couplers and so on. 

MULTI-PURPOSE INSTRUMENT 

On the more constructional side 
there were a number of interesting 
items. For the portable instrument 
constructor there was the Pakit kit 
multi-purpose instrument. An ana¬ 
logue display and movement is 
available to fit a- moulded plastic 



case which has ample room for 
circuitry and components. Avail¬ 
able from Elcometer Instruments 
Ltd., the Pakit can be bought com¬ 
plete with a rechargeable power 
supply, self-designed front panel, 
leather carrying case and printed 
circuit. 

The basic unit with case will 
probably market for something 
under £20. 

CASES AND PACKAGING 

For the inveterate casemaker 
there was a display of coated 
aluminium panel material from 
Bakelite Xylonite Ltd., which pro¬ 
vides both strong covering, attrac¬ 
tive colours and, as an added bonus 
fairly high electrical insulation by 
virtue of the plastic coating 
material. 

For the man who is always los¬ 
ing components on the bench there 
was an interesting adaption of the 
plastic packaging market. Dunlavin 
Converters have developed their 
Ducon Carripallet system for pack¬ 
aging delicate materials to the point 
where it can be used for other 
applications. 

Thus the Carripallet is a multi¬ 
cavity foam plastic pad measuring 
400 X 400 X 50mm and with 25 
cells. Laid on its back, which is a 
cardboard support layer, it can be 
used as a multi-compartment tray. 
As the material is flexible foam 
plastic it will not damage delicate 
parts and indeed components can 
be stuck upright in it if required. 

Normally items of this type are 
sold in large quantity only, but we 
understand that single sheets are 
available and will probably cost 
about £1 each. 

Weller were at the show with 
their latest low voltage temperature- 
controlled soldering pencils (no 
longer irons we see), the W-MCP 
available with a variety of tip 
shapes. 

PANEL METERS 

On the meter front several so- 
called panel meters were on display 
including the Dinline 50, the first 
such product to come from the Avo 
stablft The name is based on the 
rectangular styling which follows 
the DIN (lEC 51) specification. 
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A digital panel meter is something 
that, only a short while ago, would 
have been regarded as an instru¬ 
ment rather than a component. By 
miniaturisation and recent price 
reductions in digital i.c.s. Analogic 
are able to offer a versatile 3-digit 
digital panel meter at only £25 in 
quantity. Designated the 2530, this 
unit can measure, display and trans¬ 
mit voltages and currents of either 
polarity. The 2530 has fully float¬ 
ing inputs just like any analogue 
meter so that measurements with 
respect to any arbitrary level in a 
circuit can be made. 

A filament readout is used for 
good readability and low cost. This 
meter can be incorporated in many 
types of instrument giving a really 
competitive alternative to analogue 
measuring instruments. 

West Hyde displayed their Con- 
til digital panel meter card with 
three digit display in Atron tubes 
and costing less than £25. 

Integrated Photomatrix showed 
their digital panel meter kit using 
a MOS LSI chip and l.e.d. display 
which is available for £36-75. Of 
course the IPL unit is considerably 
smaller than many other displays 
on show. 


LARGE SCALE INTEGRATION 

One of the fastest-growing areas 
of semiconductor technology must 
be the MOS large scale integration 
(LSI) field. All the major com¬ 
panies appear to be competing to 
see who can cram the most MOSTS 
into a single 24-pin package. 

One of the latest contenders in 
this competition is the Motorola 
MCM6571L character general i.c. 
It contains a read only memory of 
8,192 bits which can produce 128 
different characters, including upper 
and lower case and Greek symbols, 
each character being formed by a 
matrix of seven horizontal and nine 
vertical dots. As well as the stored 
characters themselves there are 128 
bits which are used to automatically 
control each character position so 
that the “ tails ” of letters such as 
p, q, and j come below the base 
line as in normal typewritten 
material. 

Another piece of news in the 
MOS LSI field comes from General 
Instrument Microelectronics who 
announced that slashing price reduc¬ 
tions have been made on their 
C500 calculator i.c. Its new price 
of £13-70 (1 off) represents an £18 
drop from its previous value. G.I. 
hope that this new low price will 
encourage designers to regard the 
calculator i.c. as just another com¬ 
ponent for use in many types of 
instrument where arithmetic opera¬ 
tions are to be carried out. For 
instance, they could be used in a 
weighing scales which automatically 
displays the price of the goods after 
the price per pound is typed in. 
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NEW LOW-PRICE FOR L.E.D. 
DISPLAYS 

While MOS manufacturers are 
aiming at miniaturisation, the dis¬ 
play device manufacturers are 
aiming at bigger and brighter com¬ 
ponents. One of the innovators 
of l.e.d. displays, Monsanto, 
announced new low prices for their 
displays. 

Single l.e.d.s can now be bought 
for 5p in large quantities making 
it possible for manufacturers to use 
them in such applications as 
diagnostic lamps on printed circuit 
boards, panel lamps, and battery 
“ low ” indicators. 

On the numeric display side the 
MAN5, a green seven-segment 
device is down to £3-99 from £9 
(1 off) and the MAN64A, a 0-4in 
numeric display down to £4-27 from 


NEW TIMER INTEGRATED 
CIRCUIT 

Another example of large scale 
integration, but this time combin¬ 
ing digital and analogue functions 
was on show at the Elremco stand. 
Designated the LR171E, this i.c. has 
an enomtous range of applications 
because of its inherent flexibility. 

It uses a digital counter so that 
timing ranges of seconds, hours or 
even weeks can easily be obtained. 
A digital-to-analogue converter is 
used to give a current output which 
means that a cheap meter can be 
used to give an indication of time 
elapsed. 

It has eight operational modes, 
delayed on, delay interval etc., and 
has three digital outputs which give 
indications at i, i and i of a preset 
time period. 

The i.c. is TTL compatible and 
has integral output drivers for a 
triac or SCR. Price is £12 for one 
off. 


RUSSIAN COMPONENTS 

Many manufacturers are finding 
difficulty obtaining such ubiquitous 
components as resistors and capa¬ 
citors and so it is not really surpris¬ 
ing to see more and more imported 
components creeping into instru¬ 
ments such as calculators. 

Z & I Aero Services are importers 
of Russian resistors and capacitors 
and supply both to industry and 
non-professional users. The com¬ 
ponents are cheap, clearly marked 
with their values (not colour coded) 
and readily obtainable. 


NOVEL BREADBOARDING AID 

A novel breadboarding system 
which has great potential in the 
amateur field was shown by Critch- 
ley Bros. Ltd. Manufactured by toe 
German firm of Christel Wain- 
wright, the system is called “Mini- 
Mounts.” Each Mini-Moimt is a 


small rigid board with a copper pat¬ 
tern on one side and adhesive on 
the other. Components are 
soldered onto the boards which are 
then positioned anywhere on a con¬ 
venient baseboard (which could be 
copper-plated to give a good ground 
plane), and stuck in place. 

This system has many advantages 
over other similar systems: no holes 
need be drilled; the adhesive holds 
the Mini-Mounts firmly in place yet 
they can be moved if the circuit 
requires; components and Mini- 
Mounts can be re-used if care is 
taken. 

Mini-Mounts to take DIL i.c.s, 
and other such components are 
available so the system gives great 
scope to the designer. 

NEW SHAPE FOR 
LAMINATIONS 

Though by no means a spectacu¬ 
lar breakthrough, the new design for 
transformer laminations by Kent 
Insulations shows how old and 
tested designs can be improved 
with a little ingenuity. Instead of 
the usual “ E ” shape the new type 
has a tapered centre arm so that 
excellent mechanical and magnetic 
contact is made when the two 
halves are fitted together. 

MULTI-MEMORY MACHINE 

On the- Advance Electronics stand 
and in fact using the same case as 
the Advance calculators was a new 
accounting aid from Phytron. Called 
the Analysis 14 this calculator incor¬ 
porates 13 accumulating memories 
each of which can be debited or 
credited at any time simply by 
selecting the required store with one 
of thirteen keys. Only credit and 
debit (i.e. addition and subtraction) 
are available, the manufacturers 
suggesting that this instrument is to 
complement, rather than replace, 
the normal desk calculator which 
can multiply and divide. 

At £210 this calculator cannot 
really be termed inexpensive by 
modern standards and one wonders 
whether a machine without a print¬ 
out is really useful in accounting, 
where mistakes cost money. 

CONCLUSIONS 

One wonders why a star attrac¬ 
tion like the actual Apollo capsule 
“Charlie Brown” which circled the 
moon four years ago, which was on 
show on the Livinstone Hire stand 
together with a piece of moonrock, 
received so little publicity. This 
could have attracted great crowds, 
wals this what toe organisers were 
afraid of? 

At a time when electronics is 
developing so fast, the show was 
not up to expectations and one can 
only hope that the companies will 
stop hiding their lights under 
bushels and give us some really 
interesting shows in the future. 
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□ 4x20 watt (continuous in 8 ohms) high quaiity power 
ampiiOer 

□ High quaiity preampHOer and oontroi unit with wide 
dynamic range 

□ A.U.IF.M. receiver of advanced design 

□ CBS SQ quadraphonic decoder 


The PE RONDO is a total system incorporating: the very latest technolog:y 
and it will be described in full with all constructional details in a series of 
articles starting: next month. 

The receiver incorporates a varicap f.m. tuner with integ:rated circuit l.f. 
amplifier, quadrature detector and phqse-locked-loop stereo decoder; and 
a unique i.c. phase-locked-loop synchrodyne a.m. medium-wave mono tuner. 
Optional I.c. matrix decoders: CBS SQ quadraphonic decoder or CBS SQ 
log:ic-enhanced quadraphonic decoder. Additional decoders will be pre¬ 
sented as further systems become viable. 

Modular construction techniques g:ive flexibility, whilst the use of state-of- 
the-art i.c. technolog:y allows all electronics to be housed in one compact 
unit. The system is completed by four shelf-mounting: speakers, construc¬ 
tion of which will also be fully described in this series of articles. 
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T he first article described the types of transistor 
and small-signal diode available. This article 
considers power devices, photo devices using, or 
emitting light, and the most revolutionary semi¬ 
conductor device of all—the integrated circuit. 

POWER DIODES 

The amount of power that can be handled by a 
semiconductor diode is limited by the junction tem¬ 
perature. Provided the heat dissipated within the 
device can be conducted away so that the maximum 
permissible junction temperature is not exceeded, the 
diode will operate satisfactorily. Therefore a power 
njiode should have as large a junction area as 
possible, and a low thermal resistance to the case. 
The cooling area can be increased by mounting the 
diode on a suitably shaped heatsink. 

Germanium power diodes were developed using 
these techniques, and could carry currents of 
approximately lOA and withstand peak inverse volt¬ 
ages of up to 600V. The introduction of silicon, 
however, led to their replacement during the 1960’s 
by silicon diodes with junctions alloyed or diffused 
with aluminium. 

AVALANCHE DIODES 

As the reverse voltage across a junction diode is 
increased, a voltage is reached where avalanche 
breakdown occurs, marked by a sudden increase of 
current. Provided the diode can withstand the cur¬ 
rent at breakdown, it will recover when the reverse 
voltage is decreased below the breakdown value. 
Avalanche diodes are designed to withstand such 
breakdown currents, and so can be used safely in 
applications where voltage transients are likely to 
be encountered. 

By the end of the 1960's other protection devices 
such as high-speed fuses had been developed so 
that semiconductor-diode rectifier systems were 
firmly established in such applications as battery 
chargers, electroplating and electrolysis processes. 

Fig. 8 High-voltage rectifier stack operating at 
12kV and 5A with natural convection cooling 
(length approximately lOin) 
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and electric furnace supplies. These semiconductor 
systems occupied less space than the existing systems, 
had a higher rectifier efficiency, and for the first time 
presented power engineers with a device that had 
no wear-out effects. 

A high-voltage rectifier stack is shown in the 
photograph of Fig. 8. Diodes are mounted on heat¬ 
sinks around a central fixing stud. Such stacks can 
be cooled by natural convection, or for higher cur¬ 
rents by forced-air cooling or immersion in an oil 
bath. 


THYRISTORS 

The thyristor or controlled silicon rectifier was 
developed for power control in parallel with the 
silicon rectifier diode. The rectifier action of the 
thyristor allows a current to flow in one direction 
only, but in addition current can only flow when 
the thyristor has been triggered. 

In form, the thyristor is a four-layer pnpn device, 
as shown in Fig. 9. The circuit symbol is also shown 
in this figure. If the anode is positive with respect 
to the cathode, and a positive voltage is applied to 
the gate, the thyristor conducts. Once conduction 
has been established, the gate voltage can be 
removed. 
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Fig. 9 Structure and circuit symbol of thyristor 


/r\ 

Moitit supply \ / 

voltapt —»\ / 

Fig. 10 Phase control using thyristor 
















Therefore the thyristor can be triggered by a 
pulse provided the duration is sufficient to allow the 
current to be established. The thyristor is made non¬ 
conducting by reducing the current to below a hold¬ 
ing value. . 

The method of power control with thyristors is 
shown by the waveforms in Fig. 10. By varying the 
trigger angle within the half-cycle (a), the amplitude 
of the current pulses passed by the thyristor, and 
hence the power delivered to the load, can be varied. 
This control technique is called phase control. 

A second method of control is burst triggering, 
used for loads with a high thermal inertia such as 
furnaces. In this method, complete half-cycles of 
the mains supply are passed by the thyristor, the 
ratio of half-cycles passed to those blocked determin¬ 
ing the power to the load. 

TRIACS 

Another device for power control similar to the 
thyristor is the triac or bidirectional thyristor. This 
device is equivalent to two thyristors connected in 
inverse-parallel with a common gate connection. The 
circuit symbol for a triac is shown in Fig. 11. A 
current will flow through the device when the gate 
is sufficiently positive or negative with respect to 



Fig. 13 Breakdown characteristic and circuit 
symbol for diac 


terminal mtl, the direction of current flow depend¬ 
ing on the relative polarities Of mtl and mt2. 

The currents that could be handled by thyristors, 
and the inverse voltages they could withstand, 
increased during the 1960’s as the manufacturing 
techniques were improved. Present-day thyristors 
can handle currents up to 1000A and withstand 
inverse voltages of over 2kV. Protection devices 
have been developed as with rectifier diodes to ensure 
reliable operation under practical conditions. 

A typical thyristor stack with thyristors connected 
in a bridge configuration for the control of power 
to a load is shown in Fig. 12. The thyristors are 
mounted on heatsinks. 



Fig. 12 Thyristor stack for operation on 440V 
three-phase mains to control 110A per phase 





Fig. 14 Structure and circuit symbol for silicon 
controlled switch 



Fig. 15 Diagram showing construction of a 
typical light emitting diode 


THE DIAC 

The diac, or bidirectional diode thyristor, is a 
useful trigger device for thyristors and triacs. It uses 
avalanche breakdown, but as the characteristic in 
Fig. 13 shows, the voltage decreases after breakdpwn 
so that the gate circuit is not overloaded on 
triggering. 

SILICON CONTROLLED SWITCH 

Another four-layer pnpn device is the silicon 
controlled switch or SCS. Unlike the thyristor and 
triac, both intermediate layers of the SCS are 
accessible making it a four-terminal device. The 
structure and circuit symbol are shown in Fig. 14. 
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The SCS (like the thyristor) has two stable states: 
conducting and non-conducting. The SCS can be 
used in two circuit configurations. In one, the load 
is connected in the anode gate circuit so that the 
SCS operates as a four-terminal device. In the 
other, the load is in the anode circuit and the anode 
gate is not connected. The SCS then acts as a low- 
power thyristor or three-terminal device. 


PHOTOTRANSISTORS AND PHOTODIODES 

Light falling on a junction in a semiconductor 
diode or transistor affects the current through the 
device. The energy of the light dislodges electrons 
and so increases the number of carriers available at 
the junction. 

Constructive use of this effect is made in photo¬ 
diodes and phototransistors where the change in cur¬ 
rent with light can be used in such applications as 
light meters and alarm systems. 

Other semiconductor materials exhibit a change 
of resistance with light, and this effect is used in 
photoconductive cells (or light-dependent resistors). 
The choice of semiconductor material determines 
which part of the spectrum the device responds to, 
for example cadmium sulphide responds to visible 
light while lead sulphide is used for Infrared 
detectors. 

LIGHT EMITTING DIODES 

Another type of photodevice is the electrolumin¬ 
escent or light-emitting diode (Fig. 15). This device 
is made from gallium arsenide or gallium arsenide 
phosphide, and when a sufficiently high current (a 
few milliamperes) is passed through, light is emitted. 
Such diodes can be used as indicator lights directly 
coupled into, for example, computing systems. 

INTEGRATED CIRCUITS 

Of all the semiconductor devices that followed the 
invention of the transistor, the most revolutionary 
both in reducing the size of equipment and improv¬ 
ing reliability is the integrated circuit. 

The problems of manufacturing different circuit 
elements on the same silicon chip were overcome 
so that integrated circuits that were both practicable 
and economic became available by the mid-1960’s. 

Today two types of integrated circuit (i.c.) are 
available, the bipolar and MOS, each with their 
advantages and disadvantages for particular 
applications. 

BIPOLAR I.C. 

The bipolar i.c., as the name implies, uses bipolar 
transistors manufactured by the planar process. 
Diodes are formed by a single diffusion, capacitors 
by using a reverse-biased diode junction, and 
resistors by a single diffusion like a stretched-out 
diode with connections at both ends. The main 
problem with the manufacture of bipolar i.c.s is 
isolation between components. 

MOS INTEGRATED CIRCUITS 

The transistor used in MOS i.c.s is a field-effect 
transistor, the MOSFET or MOST. Because MOS 
i.c.s are almost exclusively used in digital applica¬ 
tions, an MOST can form the load for another 
MOST, the transistors are directly coupled, and the 
capacitances on which information is stored are 
formed by the gate capacitances of the MOSTs 


themselves. Thus only transistors and connections 
need to be formed on the chip. 

One advantage of MOS i.c.s over the bipolar type 
already mentioned, is the fact that no isolating 
diffusion is needed on the chip. In addition, an 
MOST is smaller than the equivalent bipolar tran¬ 
sistor. Both these reasons lead to a higher packing 
density being achieved with MOS i.c.s. On the other 
hand, bipolar i.c.s have a higher operating speed, 
and can drive higher current and capacitive loads 
which MOS i.c.s cannot do without interface 
circuits. 

Thus the choice of MOS or bipolar i.c. may well 
depend on the requirements of the application rather 
than any clear-cut advantage of a particular type. 

In general, it can be said that small scale integra¬ 
tion (SSI) is rarely economical with MOS i.c.s so 
that gate packs and flip-flops will use bipolar i.c.s. 

Large scale integration (LSI) for such devices as 
random-access memories (RAMs) and read-only 
memories (ROMs) will use MOS i.c.s. The choice 
for medium scale integration (MSI) will depend on 
the application. 

COMPLEMENTARY MOS 

A limitation on the use of MOS i.c.s occurs 
through the use of field-effect transistors. The 
current-carrying channel for the transistor is formed 
in the substrate, and so normally only p-channel or 
w-channel devices but not both can be formed on 
any one i.c. 

To overcome this, a technique called complemen¬ 
tary symmetry MOS or CMOS has been developed. 
Areas of p-material are diffused into an «-type 
substrate so that both n-channel and p-channel 
MOSTs can be formed. 

More diffusions are required for CMOS than 
with normal MOS i.c.s, and a lower packing density 
results. On the other hand, there are considerable 
advantages for the user, particularly higher operating 
speeds and lower dissipation. 



Fig. 16 Integrated circuit chip compared with 
ordinary sewing needle, the chip being 1-5 x 
3mm 
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FAMILY TREE OF SEMICONDUCTOR DEVICES 


LINEAR I.C.s 

The i.c.s described above are digital circuits. Later 
in the 1960’s linear i.c.s were developed. In terms 
of the number of devices contained, these i.c.s are 
more complex than the equivalent discrete stages 
they replace, although cheaper and with better per¬ 
formance. Today a wide range.of linear i.c.s is 
available covering r.f. and i.f. amplifiers, operational 
amplifiers, TV signal-processing circuits and audio 
amplifiers with output powers up to several watts. 

The reduction in size possible with an i.c. is 
impressive, typified by such photographs as that in 
Fig. 16 showing a silicon chip containing over 120 
devices passing through the eye of an ordinary sew¬ 
ing needle. 


COLLECTOR DIFFUSION ISOLATION 

Another process which overcomes many of the 
disadvantages of conventional bipolar i.c.s has been 
developed by Ferranti from an American idea. 
Known as the collector diffusion isolation (CDI) 
process, it makes use of thin epitaxial layers but 
needs only five masking processes making it com¬ 
parable to MOS technology in simplicity. 

Fig. 17 shows the structure of a CDI transistor. 
The process uses a p-type substrate into which buried 
low resistivity n-l- areas are diffused where each 
resistor, transistor or diode is to be formed. A 
thin epitaxial p-type layer is then diffused. The col¬ 
lector diffusion is then made producing low resis¬ 
tivity n+ channels round each component. This 
diffusion serves three purposes: to make contact 
with the buried n-t- area which forms the collector; 
to provide isolation between components; and to 
define base and resistor areas. 

A shallow p-type layer is diffused over the whole 
slice to define resistor values. A shallow emitter 
diffusion then follows. 

The CDI process reduces transistor areas by up 
to a third and also enables digital and linear circuits 
to be combined on one slice. The main disadvantage 
is that there is no pnp transistor available, though 



Fig. 17 Structure of a CDI transistor (Ferranti) 

a p-channel f.e.t. under development should over¬ 
come this difficulty. 

CONCLUSIONS 

From the original low-power low-frequency tran¬ 
sistor have developed transistors capable of operat¬ 
ing high in the radio frequencies, transistors handling 
powers of over lOOW, transistors capable of switch¬ 
ing wave-forms with rise times of Ins. Signal diodes 
operating in the microwave frequencies have been 
developed, and diodes and thyristors capable of 
operating on high-voltage supplies controlling powers 
measured in megawatts. Devices reacting to and 
producing light are available, and devices containing 
a complete computer processing system on a chip 
only 3-5mm square. 

Although the transistor was the fore-runner, the 
most revolutionary device may well be the inte¬ 
grated circuit which has brought a new concept into 
electronic circuit design. The thermionic valve (apart 
from its more specialised forms such as klystrons 
and magnetrons) had a commercial life of about 35 
years. It may well be that the discrete transistor 
apart from more specialised forms like photodevices 
will have a shorter life. 
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T he past few years have seen more and more 
householders tackling home wiring installation 
work. When the work is completed and before the 
mains can be permanently connected certain safety 
checks have to be made. This article and project 
deal with a very useful instrument that will measure 
the insulation resistance of the wiring. 

Poor insulation causes current to flow between the 
line and earth or neutral. This current in turn will 
generate heat in the wiring, which if of sufficient 
temperature could cause fuse blowing or, more 
seriously, a fire. 

Unfortunately, most do-it-yourself wiring 
enthusiasts do not possess the means for measuring 
leakage currents at high voltage. Commercially avail¬ 
able instruments are expensive and secondhand 
units are not cheap either. The traditional instru¬ 
ment consists of a hand driven generator that causes 
a high voltage to appear across a lead terminating in 
a couple of croc clips, a meter registers the insula¬ 
tion resistance. More recently, electronic testers 
have tended to replace the hand driven types. 



DESIGN CONSIDERATIONS 

The a.c. voltage in the United Kingdom is 240 
volts r.m.s.. Since we are interested in peak voltage, 
.^'peak = X 1-414 the test voltage 

generator will need to be at least 340 volts. In 
practice, however, regulations require that a mini¬ 
mum of 500 volts be used. 

The 550 volt megohmmeter here described satisfies 
the twin requirements of the home electrican; it is 
easy to build and the price is low compared to 
commercially available units. Push button operation 
is employed as this prevents inadvertent battery run 
down due to a switch being left on. All of the com¬ 
ponents are readily available. 

As to the choice of a suitable transistor high volt¬ 
age generator; the demands made by the Megohm- 
meter dictate that a sine wave oscillator type d.c. 
convertor be used. There are three broad types of 
d.c. convertor that could be used, namely: ringing 
choke, multivibrator and sine wave. 

Each of these circuits produce an oscillating 
voltage that is stepped up to a higher voltage by 
means of a transformer and then rectified to give 
a d.c. voltage at the required level. 

Although the least efficient of the three, the sine 
wave oscillator is the first choice in favour of the 
ringing choke method when it comes to ease of 
starting. In economy of components it beats the 
multivibrator circuit. Since the Megohmmeter does 
not need to produce more than about 170 micro- 
amps under short circuit conditions, a low efficiency 
high voltage generator does not matter in the least. 

CIRCUIT OPERATION 

Transformer Tl, TRl and the associated circuitry 
form a sine wave oscillator whose period of oscilla¬ 
tion is determined by the inductance and self capaci¬ 
tance of Tl (Fig. 1). 

The feedback winding of Tl sustains the oscilla¬ 
tion and is connected to the junction of R1 and 
R2 which together with R3 and VRl set the d.c. 
bias for TRl. Cl prevents a.c. degeneration. VRl 
allovvs for variation in voltage developed across the 
collector winding of Tl. 
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The diodes, Dl, D2, D3 and D4 plus the capaci¬ 
tors, C2, C3, C4 and C5 comprise a voltage quad- 
rupler circuit. This circuit rectifies the a.c. voltage 
appearing across L3 and multiplies by four its 
equivalent d.c. value. 

By varying VRl over its whole range the open 
circuit output at the test leads can be varied from 
approximately 300 to 650 volts. In practice however, 
the voltage will be set at 550 for normal use. The 
wide range does allow for increased versatility and 
the constructor will be able to make use of this 
from time to time. 

CONSTRUCTION 

Dismantle the Ferroxcube core and carefully 
mount the bobbin on a suitable arbor — the author 
used a wheelbrace which had a gear ratio of 3-75 : 1 
clamped in a bench vice and a 2BA screw as the 
arbor. 

Strip a 2in length of thin pliable plastic sleeve 
from some spare wire and thread this onto some 
41 s.w.g. enamelled copper wire (L3). 

Carefully wind 400 turns and finish off L3 by 
insulating with one turn of Scotch Tape. 

Next wind 40 turns of 41 s.w.g. for L2 and simi¬ 
larly insulate. Finally wind 40 turns of 28 s.w.g. 
for LI and complete the transformer with a layer 
of tape. 

The rest of the construction is quite straight¬ 
forward (Fig. 2). The only caution is that building 
the circuit on inferior leaky tagboard is bound to 
cause difficulty in getting an infinity reading since 
leakage current will cause a standing error. The 
ideal case is plastic although metal can be used if 
care is taken with insulation. 

SETTING UP 

Once the circuit has been built, it is first of all 
necessary to establish the working of the oscillator. 



Fig. 2. Layout of the components on the tag- 
board and interconnections to the transformer, 
potentiometer, pushbutton and meter. 


COMPONENTS ... 

Resistors 

R1 39k n 

R2 10kn 

R3 100n 

R4 2-2M n 

AlliW 10% carbon 


Potentiometers 

VRl Ikn 

VR2 5k n preset 


1 Capacitors 1 

1 Cl 25/xF 6-4V electrolytic 1 

1 C2, 3, 4, 5 0-047/iF 400V polyester (4 off) 1 

Semiconductors 

TR1 2N3053 

Dl, 2, 3, 4 1N4004 or any 400 p.i.v. 
diode (4 off) 

low current 

Misceilaneous 

SI Miniature pushbutton 

ME1 100/iA f.s.d. 

T1 Ferroxcube core type LAI i 

9 way Tagboard 

Crocodile Clips (2 off) 

9V Battery. PP7 or similar 

Metal case 4in x 2iln x 2in 

41 and 28 s.w.g. enamelled copper 

or equivalent 


Short the test clips together and the meter should 
indicate some value. If no movement is seen the 
oscillator feedback winding (L2) has to be reversed. 
Once the circuit is working, the output should be set 
to 550 volts. 

Connect a high resistance voltmeter between points 
A and B then adjust VRl for 550 volts. During 
this operation the test clips must of course be open 
circuited. The meter can now be calibrated in terms 
of megohms. 

Remove the meter from its case and place it on 
the working surface having previously cleaned up 
and dusted down. Carefully remove the scaleplate 
and paint the reverse side matt white with emulsion 
paint. 

When dry place the scaleplate — with its original 
markings uppermost—on a piece of cardboard. With 
a compass find the radius of the scale line and the 
maximum and minimum positions. Transfer these 
lines to the blank side. Screw the scaleplate back on 
the meter. 

Short out the test clips and mark the scale with 
a soft pencil at this point. Now connect 1, 3, 10 and 
50 megohm resistors and mark these equivalent 
points in. A professional job can be done by using 
plastic film ink for the scale lines and Letraset for 
the letters and numbers. 

CONCLUSION 

The 550 volt insulation tester that has been 
described should prove to be a valuable addition 
to the electricians tool kit. There are of course 
other uses to which it can be put, insulation tests for 
the electronic engineer being one example. 

By making a simple twin pointed probe, relative 
dampness in wood and plaster can be measured. 
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UPTURN 

Yesteryear’s sobs and groans 
from industry salesmen were con¬ 
spicuously absent at the London 
Electronic Components Show. No¬ 
body seemed to care that the show 
was smaller than before and, from 
first reports, less well attended. 
Those who came were buyers and 
that was the important thing. 

But it wasn’t all smiles and sun¬ 
shine. The spectre of empty order 
books may have retreated but only 
to make way for another spectre 
to give top management some 
sleepless nights. What is haunting 
the industry to-day is how to get 
components made fast enough to 
meet the demand. Those major 
companies which had spare capa¬ 
city have none today. An even 
worse fear looming up is a shortage 
of raw materials. 

But, on the whole, things look 
pretty good. Quipped one exhibitor, 
" If you can’t make a few bucks in 
these conditions you never will.” 

This year’s Chairman of RECMF, 
Ronald Bulgin, wore one of the big¬ 
gest smiles at the show. His pub¬ 
licly quoted family business is still 
a profit leader in the industry and 
he will preside as the component 
industry Chairman in a boom period. 
What could be better? 

Wearing his chairman’s hat rather 
than his company’s, he put out a 
public plea for rationalisation of the 
exhibition calendar. And he was 
quite right to do so. In the past six 
months we have had Electronica in 
Munich, the Paris Salon and the 
British show at Olympia. What the 
industry needs is one big inter¬ 
national show a year in Europe with 
London, Paris and Munich in rota¬ 
tion so that each of the three elec¬ 
tronics " capitals ” puts on a show 
every three years. 
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A sensible idea but unlikely to 
be accepted by exhibition orga¬ 
nisers while they still make huge 
profits from the present spate of 
shows. The only hope is that the 
economic forces of the market 
place will do what exhortation won’t. 
If enough would-be exhibitors opted 
out, the exhibition organisers would 
have to adjust their ideas. 


ROYAL SPOKESMAN 

His Royal Highness The Duke of 
Kent is tipped to succeed Admiral 
of the Fleet Earl Mountbatten of 
Burma as an important independent 
commentator on electronic indus¬ 
try affairs. 

As yet. The Duke admits to being 
” a complete amateur, hardly know¬ 
ing the difference between R and 
C.” But having heard him speak 
on the subject I find him well- 
informed. Naturally, he is briefed in 
advance of public utterances but I 
am reliably told that his interest in 
electronics borders on the enthusi¬ 
astic and that he is eager to expand 
his knowledge of the industry not 
only in its technology but also in 
its commercial and social impact. 

If knowledge is born of 
experience he should be learning 
fast. He is a member of the National 
Electronics Council and opened 
the London Electronic Components 
Show and, more recently. Micro- 
wave '73 at Brighton. 


THE OLD AND THE NEW 

This is a good year for anniver¬ 
saries. Sperry Gyroscope has just 
celebrated 60 years in the U.K. with 
an exhibition opened bv Prince 
Philip, Duke of Edinburgh, at the 
company’s Bracknell HQ. Then 
there’s AVO Ltd., celebrating fifty 
years in coil winding equipment and 
instruments (the millionth Avo- 
meter left the works as long ago as 
19651). 

But what about companies yet 
unborn? There are plenty on the 
way to swell the ranks of industry. 
Expect announcements soon that 
Jim Griffith, boss of Plastronics, is 
setting up a manufacturing plant in 
Germany and that Maurice Hatter, 
a co-founder of Keyswitch Relays 
(subsequently sold to Thorn), is 
moving back into relay manufacture 
in a plant in Italy. Two new British 
Euro-babies for the Common 
Market. 


HI-FI 

Cosmocord is looking to hi-fi as a 
logical expansion based on its long 
history in pick-up cartridges, audio 
instruments and, more recently. 


head sets and ear protectors. For a 
start, the company has won the sole 
U.K. franchise for quality speakers 
built by Martin in the USA. There 
is a complete range from about £30 
per pair up to £200 for a single 
100W multiple speaker unit. 

Cosmocord tell me that there Is 
a possibility of making some of the 
Martin range in the U.K. but follow¬ 
ing the recent introduction of the 
ACOS ” Lustre ” pick-up arm 
(reported to be doing well), it is 
more likely that manufacture will be 
concentrated on tuners and ampli¬ 
fiers to complete the audio chain. 
Cosmocord marketing men are scan¬ 
ning the market with a keen eye 
before committing themselves, but 
if the Martin speakers are to come 
as part of a Cosmocord hi-fi pack¬ 
age my guess is that they are look- 
ina at the top end of the market. 

The company has now absorbed 
the Birch-Stolec thumbwheel switch 
business — renamed Cosmo- 
cord-Stolec—which has a turnover 
of some £250,000 a vear. In all 
Cosmocord is targeted for £1-85 mil¬ 
lion turnover in the fiscal vear just 
started. 


NOT ALL HONEY 

Although the electronics capital 
goods sector has a more healthy 
looking order book than last vear. 
things are still sluggish according 
to the Electronic Enoineering 
Association. Sales at £684-5 million, 
although marginally higher in total 
than in the previous year, were in 
real terms, showing a decline said 
retiring President Dr B. J. O’Kane 
in his ” state of the industry ” 
address at the EEA annual lun¬ 
cheon. Best areas in the vear under 
review were communications and 
marine radar, both of which showed 
gains of better than 20 per cent. 

Disturbing and perhaps an 
uncomfortable experience for Rank- 
Xerox, brightest and most profitable 
jewel in the Rank crown, is the 
impending Monopolies Commission 
probe. The British Inquiry follows 
the threat to the U.S. parent com¬ 
pany of anti-trust action by the U.S. 
Trade Commission. Curtailing of 
Rank-Xerox activities could have 
quite an effect on many of the 
smaller electronic companies who 
are engaged in sub-contract work 
for the company. 

Even prosperous Mullard has its 
black spots. Forecast losses on 
integrated circuit manufacture this 
year is £7(X),000, following losses of 
nearly £3 million in the oast two 
years. Break-even is forecast by the 
end of the year and profit by the 
end of ’74, or perhaps a little 
earlier. Meantime, the really hot 
lines like colour TV tubes more than 
make up for the deficiency. 
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BUILD, SEE AND LEARN 

step by step, we take you through all the fundamentals of 
electronics and show how easily the subject can be mastered. 
Write for the free brochure now which explains our system. 


1/ BUILD AN 
OSCILLOSCOPE 

You learn how to build 
an oscilloscope which 
remains your property. 
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components used in 
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radio receiver, electronic switch, simple 
transmitter, a.c. experiments, d.c. experi¬ 
ments. simple counter, time delay circuit, 
servicing procedures 

This new style course will enable anyone to 
really understand electronics by a modern, 
practical and visual method—no maths, and 
a minimum of theory—no previous knowledge 

required. It will also enable anyone to under¬ 
stand how to test, service and maintain all 
types of electronic equipment, radio and TV 
receivers, etc. 
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ELECTROIMORAMA 


STEPS FORWARD IN TIME. . . . 


U NTIL 1970 electronic watches seemed to make very 
little impact on the market, probably because the 
manufacturers themselves seemed mostly reluctant to 
invest in this new technology. However three years ago 
the major Swiss manufacturers unveiled new electronic 
modeis incorporating quartz oscillators and it became 
clear that the whole industry was actively concerned with 
"the watch of the future". 

THREE TYPES 

Since that time electronics have become the major topic 
of interest and excitement throughout the watch worid. 
Today there are three types of electronic watches driven 
by batteries. These are tuning fork, quartz and solid stqto. 

Tuning fork watches employ an acoustic resonator 
(tuning fork) as a timing device and a motor driven by a 
transistor circuit. Because of this they do not tick but 
emit a slight hum. The accuracy of these watches is about 
one minute a month. 

Quartz systems with mechanical display use a quartz 
crystal which oscillates under the effect of an alternating 
electric field. These oscillations, through a system of 
circuits and a motor, control the hands of the watch and 
provide accuracy within 5 seconds a month. 

Solid state electronic models show the time in figures 
with a digital display instead of hands and have no moving 
parts. They use a quartz crystal oscillator as a timekeeper 
and activate a liquid crystal or diode display on the face of 
the watch. Again these have an accuracy of around 5 
seconds a month. In addition to these, there are watches 
which are better described as electric ratherthan electronic. 
They employ a conventional hair spring and a balance 
wheel as the timing mechanism, but are powered by 
a battery as opposed to a main spring. Their accuracy is 
no more than that of a comparable conventional vVatch. 

SIMPLE SERVICING 

The advent of electronic watches offers considerable 
benefits as substantial improvements in accuracy and 
reliability can be achieved. In addition, problems of after¬ 
sales service will be reduced at a time when servicing is 
increasing in cost and there are fewer skilled watchmakers, 
because the regular cleaning and maintenance necessary 
for conventional watches is either considerably reduced or 
eliminated for electronic models. 


NEW DESIGN CONCEPTS 

Omega, part of SSIH (Soci^t^ Suisse pour I'Industrie 
Horlogbre SA)—the world's third largest watch manu¬ 
facturer—have announced new design concepts for 
electronic watches, which made their international debut 
last month at the Swiss Industries Fair in Basle. 

The three new watches are the Megaquartz 2400, the 
Time Computer and the Megasonic 720. The Megaquartz 
is a quartz watch with a mechanical display. It has a 
precision reaching±one second a month in normal wear— 
the world's most accurate watch. 

The Time Computer is a solid state electronic watch 
with no moving parts, which shows the time digitally. 
This model has an accuracy within five seconds a 
month. 

The third new model, the Megasonic 720, is an original 
and entirely new development of the basic tuning fork 
watch, and has an accuracy reaching 10 seconds a month 
in normal wear. 

THE MEGAQUARTZ 2400 

The Megaquartz 2400 heralds a new generation of 
quartz watches. Announced as the world's most accurate 
watch it only varies within one second a month. This 
remarkable increase in precision over earlier quartz 
watches (about 1 minute a year) is achieved with a crystal 
vibration of 2,359,296 times a second. 

The first generation of quartz watches used frequencies 
of up to 65,S36Hz. In order to achieve any further technical 
progress beyond this point it was necessary to increase 
frequency up to at least 1,000,000Hz, but microelectronic 
technolopy was not available to make this practical. 

Now With the Megaquartz 2400 Omega have developed a 
unique electronic microcircuit. This has been achieved 
by using an analogue circuit dividing the quartz frequency, 
and by the most advanced CMOS technology in the area 
of integrated circuits of micropower. 

One characteristic of the watch would be important to the 
"Jet Set", who travel between time zones. In order to 
maintain the accuracy of the minute and second hands the 
watch can be immediately adjusted by moving the hour 
hand alone. 

Megaquartz 2400 is now in production, and it is expected 
that it will be available in the U.K. in 1974, at prices starting 
from £425. 




TRANSOUCTOR 
(MOTOR) 


claimed to be the world's most accurate watch 


Movement of the Megasonic 720 — the first 
original development on the basic tuning fork 
watch 
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The Time Computer. A solid state 
digital watch with no moving parts 


THE TIME COMPUTER 

The Time Computer is a compieteiy soiid slate digitai 
watch with no moving parts. The display is by red light 
emitting diodes arranged for four digits. 

Time is shown "on demand" by pushing a command 
button which iiluminates the iight emitting diodes covered 
by a synthetic ruby face, chosen for its hardness and 
filtering quaiities. When the command button is pressed 
the time in hours and minutes is shown for 1-25 seconds 
and is then repiaced by the seconds for as iong as the 
button remains depressed. 

Another advance in this timepiece is its unique system 
for resetting time that aliows hours or minutes to be 
changed independentiy. This is an obvious advantage for 
international travellers constantly flying from one time 
zone to another. Time is changed by inserting a tiny 
magnetic key into one of the two timeset recesses in the 
back of the watch, one linked to the minute digits, the 
other to the hours. To change the hour only, the magnet 
is placed into the hour recess, when the face lights up to 
show the hour digits moving forward. 

TheTimeComputerhastheequivalentof 1,238 transistors 
in a surface area of only 3-8 x 3-8mm. Its brain is an 
electronically operated quartz crystal vibrating 32,768 
times a second. 

The vibrations are counted and the results are fed to the 
driver decoder circuit, which activates the time display on 
dergand. The watch is powered by two tiny batteries. 

Because the watch has no moving parts there is no need 
for the oiling and cleaning advised for conventional 
movements. 

The Omega Time Computer will be available in the 
shops within a few months at around £300. 

MEGA50NIC 720 

Electronic tuning fork (acoustic resonator) watches are 
well established and proven on the market. Almost all the 
major manufacturers offer models which are basically 
derived from the original invention in the 1950's by Max 
Hetzel. 

The Megasonic 720 has distinct advantages over earlier 
tuning fork watches. It gives a considerable improvement 
in accuracy to within ±10 seconds a month in normal 
wear, compared with 60 seconds in similar watches. 
This is achieved by increasing the frequency at which the 
resonator vibrates to 720 hertz compared to 300/360. 

The acoustic resonator is stijnulated by an integrated 
circuit. The movement is transmitted to the train by an 
original micromotor. The train is driven by magnetic 
gear, and conventional display shows seconds, minutes, 
hours, day and date. A mercury battery powers the rriove- 
ment and guarantees it for one year’s running. 

Its launch is scheduled for 1974 in a new range of 
models styled Omega Megasonic 720. Retail prices have 
not yet been finalised, but are expected to be only slightly 
above existing models. 
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I N THE June issue of Practical Electronics the 
introduction of a new integrated circuit, the 555, 
was discussed in detail from both the theoretical 
and practical point of view. Only one application as 
a timer suitable for photography or event control 
was considered as a constructional project. 

Thus we now consider the application of this i.c. 
to the control of such items as the lights on the 
Christmas tree or in a window display so as to pro¬ 
vide a flashing effect. At the instant the one set of 
lights is switched off, another set can be switched on 
if this is desired. The two sets are then illuminated 
alternately. 

THE CIRCUIT 

The type NE555V i.c. which has a dual-in-line 
encapsulation was used by the writer, but the 
NE555T in the circular TO-99 encapsulation is 
equally suitable. Both types have eight connecting 
leads and contain the equivalent of 23 transistors, 
two diodes and 16 resistors in a small package. 

The 555 is used in the astable mode in this 
application. In the circuit shown in Fig. 1, the 
capacitor Cl alternately charges and discharges so 
that the potential across it varies between Vec/3 
and Each time the voltage across Cl falls 

V,.(,/3, the 555 is automatically re-triggered by 
means of the connection to the trigger pin 2; the 
capacitor then commences to charge again. 

TIMING 

The charging current flows through both R1 and 
R2. It can be shown that the time for charging from 
Vcc/3 to 2Vcc/3 isO-693(R, -|- RJC^ seconds where 
R, and are expressed in ohms and is 
expressed in farads. During discharge the current 
from Cl flows through R2 only; thus discharging 
takes the shorter time 0-693R2Ci. The frequency of 
oscillation is l-44/(Rj -|- 2R^)C^. The charging time 
cannot be made shorter than the discharging time. 

If one uses the values for Rl, R2 and Cl shown 
in the circuit, one can calculate that the charging 
time is 4-8 seconds and the discharging time 3-3 


seconds. This should be suitable for the automatic 
switching of lights in a shop window or on a 
Christmas tree. 

In practice the times will not be exactly equal to 
the calculated values since the values of the three 
components will differ somewhat from their marked 
values. In particular, electrolytic capacitors have 
very wide tolerances. 

The component values can be altered to obtain 
.the desired switching times. However, for applica¬ 
tions of this type one does not need to adjust the 
values critically. One may require shorter times for 
use in a flashing toy; for example, Cl may be 
reduced to 2/*F of 1/xF. The value of the power 
supply voltage, V,.;,, does not affect the switching 
times appreciably. 

THE RELAY 

The relay remains open whilst the capacitor is 
charging, but closes during the discharging time. A 
diode must be placed in parallel with the relay in 
order to suppress the transient back e.m.f.; the latter 
is generated across the inductive relay coil when the 
current ceases to flow through it. If the transient 
voltage is not suppressed with a diode, it could 
damage the integrated circuit. 
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The writer used an economical microswitch relay 
type MS IB designed for printed circuit board mount¬ 
ing. It is readily available (through retailers) from 
Keyswitch Relays Ltd. The value of the power 
supply voltage, Vcc used must match the recom¬ 
mended relay operating voltage to within about 20 
per cent. If Vec is between five and seven volts, an 
MS IB with a 6V, 50mA coil rating should be em¬ 
ployed. Alternatively Vcc may be between 9-5 and 
15-5V, in which case the MSIB employed should 
have a 12V, 26mA coil rating. 

The MSIB relay has a single group of change-over 
contacts which can switch 250V at up to 5A in a.c. 
circuits. This maximum power of l-25kW is more 
than is likely to be required in any shop window 
of moderate size. 

Nevertheless, a larger relay can be used in this 
circuit if necessary provided that it does not require 
a current of over 200mA to operate it. Another type 
of microswitch relay, the Keyswitch Relay type 
MS2B, has two pairs of change-over contacts each 
of which can control a current of up to 2A in a 
250V a.c. circuit. In d.c. circuits the current ratings 
of relay contacts are lower (0-2A at 250V and 0-25A 



POWER SUPPLY 

The circuit of Fig. 1 can be operated from a small 
battery. Indeed, this is the most sensible source of 
power to use in a toy for children. The integrated 
circuit itself requires a current of about 3mA (maxi¬ 
mum 6mA) when Vco is 5V, but the current rises 
to about 10mA (maximum 15mA) when V^c is 15V. 
The relay coil current is additional to these values. 

When the circuit is used to switch 250V lamps on 
and off, it is normally more convenient to employ 
a small power pack which operates from the mains. 



6 7 8 9 K fl 


Components 


Resistors 

R1* 220kn, 1/10W, 10% 
R2* 470k£l, 1/10W, 10% 


Miscellaneous 

NE555V (or NE555T) Signetics integrated circuit 

OA47 gold bonded germanium diode. 

MSIB relay, 6V or 12V coil (see text). 

Mains three-way input plug if needed. 

One or two two-way output connectors (depending 
on whether one or two sets of lights are to 
be switched). 

Eight pin dual-in-line socket (if NE555V used). 

* Values may be altered to obtain desired switching 

POWER PACK 

T1 Small mains transformer with an output of 
either about 5V or about 10V r.m.s., depending 
on the relay used (see text). 

D1-4 1N4001 or similar or alternatively one bridge 
rectifier such as REC 41A (RS Components 
Ltd.). 

2507iF capacitor, 15V, electrolytic. 


The whole system can then be operated from a 
supply which is switched off at a preset time at night 
by the normal type of time switch used for con¬ 
trolling the lighting in many shop windows. 

A suitable power supply circuit is shown in Fig. 2. 
The output of the secondary winding of the trans¬ 
former T1 should be chosen so that it is suitable for 
the coil operating voltage of the relay used. A 5V 
r.m.s. transformer winding is suitable for a relay 
with a 6V coil rating, whilst a lOV r.m.s. winding 
may be used with a 12V relay. However, these volt¬ 
ages are not very critical. 

The output voltage of the transformer may be 
rectified by four separate diodes (D1 to D4), such 
as type 1N4001. Alternatively a single bridge rectifier 
(such as the RS Components type REC 41 A) may 
be used instead of the four diodes. 


CONSTRUCTION 

The whole unit, including the mains power pack, 
may be placed in a small die-cast metal box. One 
suitable box of approximate external dimensions 
114 X 89 X 55mm is available from RS Com¬ 
ponents Ltd., whilst another type of approximate 
dimensions 119 X 93 X 52mm is available from 
Eddystone Radio Ltd. 

The metal box should be connected to the mains 
earth when used with mains equipment for safety 
reasons. The small mains transformer can be 
mounted directly on the box, but the remaining 
components are conveniently mounted on a small 
circuit board. One can solder directly to the contacts 
of the 555 integrated circuit, but it is generally more 
convenient to employ an eight-pin dual-in-line socket 
if the NE555V is used. 

In ^^iew of the simplicity of the circuitry and 
mechanics involved it is deemed unnecessary to 
discuss construction in greater depth on this project. 


Fig. 3. Board layout for the flasher circuit 
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LOGIC TUTOR 


DE MORGAN’S THEOREM 



piRSTLY the answer to last month’s question. There are 
• various ways of getting the six input AND but they all 
use the same principle. There is an Associative rule in 
Boolean algebra which says that if you have a number of 
variables coupled by the same logical functions then the 
variables can be grouped together in sub-groups and combined 
by their function independently; the independent groups 
can then be coupled together with like functions to produce 
the final desired effect. 

Thus if we want to AND together inputs A, B, C. D, E and F 
we can carry out the operation in three stages; firstly we 
AND A with B and C (as a sub-group) then D with E and F 
as a Sjeparate sub-group. Finally we take the outputs of each 
of the sub-groups and AND them together In a two input 
gate to give the total effect. 

One form of six input AND gate using NANDS is shown 
in Fig. 4.1. Notice that it is necessary to use a lot of gates 
to carry out what is basically a very simple function. It 
would be much more economical—in space and cost—to 
use a six input NAND followed by an inverter or alternatively 
convert a four input NAND into a six input version using an 
expander before inverting. 

DE MORGAN'S THEOREM 

Referring to the truth table for the NAND we could say 
that the output is I when A is 0 OR B is 0. Remember we 
are describing the same function as last month but are using a 
Afferent point of view. Using the Boolean nomenclature that 
A represents ‘Jwhen_A Is nought” we can say that the output 
Q Is given by A or B 
Q = 7f+ B 

But from a diffe rent view point—last month we saw that 
Q = A.B 

Therefore ly^ normal algebraic argument we can say that 

This proves the first of De Morgan’s Theorems which—in 
very simple terms—says that an inverted AND is identical 
to a sort of inverted OR. 

There is a second theorem which is very similar (it is 
worth you thinki ng how t o argue it out) which says:— 
A.Br^A + B 

Again in simple terms an inverted OR is the same as a sort of 
inverted AND. 

Before moving on , tak e note of a catch that beginners 
sometimes fall into. A.B is not the same as saying A.B. This 
means that when writing Boolean expressions you have to be 
careful with the length and breaks of the negate bar over the 
top of the alphabetical characters. Sometimes brackets are 
used to make the distinction clear in complex expressions. 

OR FROM NAND 

De Morgan’s Theorem is one of the most used in Boolean 
algebra because it gives a NAND gate a duality of purpose. 
Depending on ho^we_want_to think we can say that the 
output is either A.B or A + B. We have already utilised the 
former to give us AND from NAND. Now we can use the 
latter to give us basic OR. 



Fig. 4.1. A solution to last month’s problem. 


Fig. 4.2 shows the way of producing a fundamental two 
input OR function. The inputs A with B become A with B 
at the outputs of their respective inverters. The output of 
the final NAND can be considered to be an OR function 
coupling the in_yerted form of its inputs. Therefore the output 
in this case is A -j B. The double negates over each variable 
cancel and we are left with A ^ B. 

Use the toggle switches on the Logic Tutor to provide 
inputs to this circuit and monitor the logic levels at the 
various nodes on the lamps and check these against the truth 
table for the circuit shown in Fig. 4.2. 

As an exercise try and use the knowledge you now have 
of the Associative rule and the gates available on Logic 
Tutor to produce a six input OR. (One answer to be given 
next month). HugfieS 

Next month we shall deal with the EXCLUSIVE OR 
function. 



ToLPS 

ToLP3 ToLP4 

Fig. 4.2. OR from NAND logic. 
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..iA^^TUI^a^lONS 

I.C. TRIAC CONTROL 


In this section we present a selection of both new 
devices and applications, with news of applications 
developed for existing devices. 

Generally only basic circuit details will be given 
sufficient for the experimenter to create his own 
equipment. 


T he TRIAC is, without a doubt, one of the most con¬ 
venient forms of a.c. power control yet devised. 
Provided one supplies it with correctly timed trigger 
pulses, it will control large amounts of powfer reliably 
without taking up too much space. 

A variety of methods of supplying the trigger pulse 
have been developed but thus far these have involved 
discrete components. Now a new integrated circuit has 
been developed by Plessey specifically for triac control 
circuitry. Of necessity it is internally fairly complex 
as can be seen from the block schematic of Fig. 1. 

It includes an amplifier, capacitor charge and dis¬ 
charge control circuitry, a comparator, a voltage 
stabilizer, a zero crossing detector and a triac firing 
circuit. 

The basic function performed by this SL440 as the 
device is identified is in phase control circuits in which 
the power in the load depends on the phase angle or 
point on the a.c. cycle, at which the triac is fired. The 
extra facilities offered by the SL440 enable various cir¬ 
cuits to be implemented with the bare minimum of 
external discrete components. 



Fig. 1 Block schematic diagram of the SL440 
TIMING CIRCUIT 

The SL440 contains a timing circuit with a period 
determined by external control voltages. It is the timing 
circuit’s period which determines exactly when in each 
half cycle of the mains power supply the triac is fired. 

This is illustrated diagrammatically in Fig. 2. When¬ 
ever the mains power supply crosses through zero volts. 






































either in the positive or negative direction, a capacitor 
external to the i.c., but connected to it, is rapidly 
charged. 

During the following half cycle the capacitor dis¬ 
charges at a rate determined by an external control 
voltage until the voltage across the capacitor falls to 
a level set within the i.c. When this occurs a pulse is 
generated which fires the triac. 

In Fig. 2a the effect of quite a long timing period 
is illustrated. As the mains power supply crosses through 
zero the timing capacitor connected to pin 14 is 
charged. During each half cycle the capacitor discharges 
at a constant rate until the voltage across it reaches 
the same value as the reference when a triac firing pulse 
is generated. 

In the illustration the dotted sinewave represents the 
mains supply while the solid line indicates the voltage 
across the load. 



Fig. 3 Showing triac conduction 
time for different values of timing 
capacitor and different voltages at 
pin 13 


DISCHARGE RATE 

The external control voltage setting the discharge rate 
would normally range from 3 to 8 V, this being suffi¬ 
cient to alter the power in the load from zero to full 
power. An inverse law applies in that the lower the 
control voltage the higher the power in the load. The 
actual power in the load for a given control voltage 
is also dependent on the value chosen for the timing 
capacitor. 

The larger the capacitor’s value the greater the power 
applied to the load for a given control voltage. These 
relationships can be seen in Fig. 3, which plots the 
control voltage against triac conduction time for three 
different values of timing capacitors. 

ON-CHIP AMPLIFIER 

The SL440 integrated circuit incorporates an amplifier, 
callqd a servo amplifier by Plessey, which can be used 
to produce the control voltage. It can really be looked 
at as a grounded emitter amplifier with a beta of about 
2,000 and a 2 kil resistor in the emitter. It is necessary 
to connect a suitable external load resistor. 

The amplifier is useful in motor speed control as an 
error voltage amplifier or it can be connected as an 


integrator in automatic lamp dimmer circuits and 
the like. 

VOLTAGE STABILIZER 

The SL440 contains a voltage stabilizer which per¬ 
forms three main functions. Firstly, it provides a 
stabilized 11-3 V supply for the rest of the chip; it also 
provides the reference voltage against which the voltage 
across the timing capacitor is compared and, finally, 
it provides a stabilized 11-3 V supply for circuitry 
external to the chip. However, the current available for 
off-chip circuits is extremely limited and must not be 
allowed to exceed 3 mA. 

MAINS INPUT 

The SL440 does not require a d.c. power supply in the 
conventional sense. Power input is obtained directly from 
the mains via a diode and series dropping resistor. With 



Fig. 4 A circuit to replace the heat dissipating mains 
dropper resistor 


the values recommended by Plessey, the half-wave 
rectified input has a peak value of about 60 or 70 V. 
The series resistor (6-8 k<2, 5 W) can be eliminated with 
the circuit shown in Fig. 4. 

The half-wave rectified input, as well as supplying 
power, also allows the chip to detect the zero crossings 
of the mains. Each time a zero crossing is detected the 
circuitry on the chip charges the external timing 
capacitor. 

OUTPUT AND INHIBIT 

When the voltage across the timing capacitor falls 
below that of the reference voltage supplied to the com¬ 
parator from the voltage stabilizer, an output triac firing 
pulse is generated. This pulse is 50 f^S wide and must 
not be allowed to exceed 60 mA. However, this will 
be more than sufficient for most applications. 

An inhibit input is provided which, when connected 
to the common line (or less than 5 V), prevents any 
firing pulses from being generated. This input could 
be used in conjunction with current sensing circuits for 
protection purposes. _ 

I APPLICATIONS 
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light dimmer 




SPEED CONTROL 


Fig. 7. 


APPLICATIONS 

Numerous applications for the device will have 
probably already suggested themselves to the reader. 
Plessey have developed several circuits. 

Fig. 5 shows the SL440 used in a basic lamp dimmer 
circuit with the minimum of external components. 
Resistor Rl provides the triac firing circuit with its load. 

The potentiometer forms a potential divider across 
the 11-3 V supply and varies the light output by vary¬ 
ing the voltage at pin 13. The input impedance at this 
point is very high and current flow can be measured 
in nA. The internal amplifier is not employed in this 
circuit. 

The automatic lamp fader circuit of Fig. 6 is a varia¬ 
tion on the same theme, the main difference being that 
the internal amplifier can be switched to perform an 
integration of the control voltage. 


When SI is open, the brilliance of the lamp is set 
by RVl. When SI is closed, the positive potential 
derived from the divider R2, R3 is presented to the 
input causing the lamp to give full output. 

If now S2 is closed and SI is opened, the lamp will 
gradually reduce in brightness until it reaches the 
brightness level corresponding to the setting of RVl. 
The time taken for the fade to occur will depend on 
the value of the integration capacitor Cl. With the value 
shown, this will be between 20 and 30 minutes. 

A motor speed control circuit is shown in Fig. 7. 
This is basically similar to the previous circuits except 
that one leg of the potential divider is formed by a 
tachometer generator driven by the motor. 

The device is available from SDS Components Ltd., 
Hilsea Trading Estate, Portsmouth. Hants, at £2-08p for 
one-off. £1-82 for 25 off. 

D. TROTMAN (SDS COMPONENTS) 
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A SaECnON FROM OUR POSTBAG 


with on the telephone. 


THE TOPICU SYNTHESISER 

Sir—In answer to Mr. Baily’s letter (last month)—he 
admits that the building of a stable, accurate log law 
circuit is difficult. I would tend to go further and say 
that for the average amateur constructor the task is 
almost impossible. I'his statement is in no way intended 
as a slight to the amateur but serves to hi^light a 
situation which seems to be occurring all too often these 
days. Although there are many more avenues for the 
amateur to explore than there were a few years ago it 
is frequently found that exploitation of a particular cir¬ 
cuit or function requires the possession of a bewildering 
array of test equipment and the technical expertise to 
interpret their respective readings. 

Ihis situation is very much in evidence in the case of 
designing and building a log law v.c.o. as Mr. Baily has 
testified. There is little point in publishing designs for 
such circuits since the problems arise, not so much in 
the building, but in the final setting-up and matching. 
Ihus, from this point of view alone, there is consider¬ 
able justification in the presentation of a linear v.c.o. 
which can be built with a minimum of test equipment 
and which behaves, with few limitations, in an exactly 
determinable manner. 1 would like to underline the fact 
that the P.E. Synthesiser is very much an experimental 
project which has been designed*, as far as possible, 
to allow the widest possible licence to the individual 
constructor for the incorporation of modifications 
and/or additions to the system. In the case of the v.c.o. 
the overall response is determined by the response of 
the "front-end” as it is in most commercially available 
units. Thus by changing the response of the front end 
only the circuit can be mqde to obey a variety of laws 
to suit the whim of the constructor and this without 
disturbing the settings of the oscillator section at all. 

With regard to Mr. Baily’s specific criticisms of the 
linear v.c.o. the following observations apply; 

1. No chording facility. This is a perfectly valid 
criticism and without doubt is the major disadvantage 
of the linear v.c.o. Octave chords can be played how¬ 
ever and the keyboard incorporates a harmony switch 
for this purpose. If the Synthesiser is to be used for 
musique concrete purposes the lack of chording facility 
is no disadvantage since a full range of four note chords 
may be set up and recorded as discrete sounds. 

2. No variable keyboard pitch. Not strictly true 
since the keyboard oscillators have their own manual 
frequency control with which it is possible to vary the 
"spread” by about an octave either way. Since the key¬ 
board oscillators are tuned an octave apart this effec¬ 
tively gives a register of seven octaves although the 
upper and lower ends are not tightly in tune due to 
the "non-logarity” of the oscillators. 

3. Difficulties in tuning . . . Again not entirely valid. 
The variation in programming voltage from end of the 
keyboard to the other is only about 65 millivolts (see 
Fig. 3.4.) consequently there are only two values of 
fixed resistor and one value of preset per key. The 


values of fixed resistor are chosen such that the majority 
of presets are operating within the middle 60 per cent 
of their rotation. There is thus not such a vast range 
of adjustment as Mr. Baily anticipates. Furthermore, 
and to the advantage of this particular system, the 
resistive value set-up during tuning affects only one note 
whereas in the series chain system used with log v.c.o.s 
any one resistor going unstable will affect all the others 
downstream in the chain. 

4. Poor frequency stability. Voltage and resistance 
wander can scarcely be cited as being problematical 
in this respect since they are relatively easy to correct. 
The use of a well regulated power supply together with 
ad^uate decoupling and the use of high stability 
resistors in the frequency determining networks will 
largely dispose of the problem. Mr. Baily correctly pin¬ 
points the problem of thermal drift with the linear v.c.o. 
circuit as published. 

On test at an ambient temperature of 18"C and with 
the oscillator running at 256Hz rapid cycling between 
about 0°C (induced with a freezer aerosol) and 25°C 
(close proximity 100 watt lamp) resulted in a variation 
in frequency of between 222Hz at 0°C and 312Hz at 
25°C. This approximates to —10 per cent, -F20 per cent 
on the basic frequency. On the other hand the oscillator 
in its case was monitored over a 48 houi' period with a 
digital frequency meter and normal changes in day/night 
ambient temperatures resulted in frequency changes 
within ±2 per cent. Extreme changes in ambient tem¬ 
peratures are unlikely under what might be termed 
normal operating conditions and such light changes as 
do occur can be adequately compensated for by adjust¬ 
ment of the manual frequency bias on the oscillators. 


5. Uneven swing in pitch control. There is no real 
answer to this one since Mr. Baily is correctly citing 
the characteristic of the linear circuit, i.e. the require¬ 
ment for a progressively increasing programming voltage 
in order to maintain the same rate of change of fre¬ 
quency as frequency increases. 1 feel bound to say, how¬ 
ever, that I have never noticed this as a problem. 


Two final points are worth mentioning. Mr. Baily 
cites the increase in power required from the use of 
integrated circuits as opposed to discrete components. 
This is undoubtedly true and while there is probably 
a hard core of amateur constructors who enjoy the chal¬ 
lenge of design there is a far larger group who build 
for the sake of building and whose principal require¬ 
ment from their hobby is results. To this latter group 
the integrated circuit, in its many forms, represents a 
release from many of the problems associated with 
design and allovvs them to enjoy their hobby more fully 
as a result. The increase in power required is thus surely 
a small price to pay? 


Finally, on the subject of price, I would be very 
interested to have full details of the range of Dewtron 
modules offering the same specification as the P.E. 
Sound Synthesiser at under £2O0. 


D. Shaw. 
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SAVE UP TO 33'^% 





























TERMS Retail mail order subject to £1 -00 minimum order. Cash with order only. 
Trade and educational establishments m/aC on application (minimum £5-00). 
Postage tOp inland 25p. Europe 

GUARANTEE: All goods carry full manufacturer's warranty Get in touch 
today for a complete run-down of devices available from SCS (include SAE). 
S.C.S. Components Ltd., P.O. Box No. 26, Wembley, Middlesex HAO 1YY 
Registered In London No. 888454 


Device of the Month NE540L 

35Watt Amplifier 
The Signetics 540 
is a monolithic, 
class AB power 
audio amplifier 
designed 
specifically to 
drive a pair of 
complementary 
output transistors. 

This device features: internal current limiting; low 
standby current; high output current capability; 
wide power bandwidth; low distortion - features 
which make this device ideal for use as 
an audio power amplifier. 

Signetics power driver NE540L 
Yours for just 

Including application notes. 






/c/ 


Compotible device 
MCI339P 



From Motorola, a 
monolithic dual 
stereo preamplifier 
for low noise 
preamplification of stereo 
audio signals. Just look at some of these 
features: 

* Low audio noise 

* High channel separation 

* Single power supply 

* High input impedance 

* Built-in power supply filter 

* Emitter follower output 

Motorola monolithk 

duel stereo f £ 1-20 ] 
preomplifier Vvat> 

including applications notes. 



PHONOSONICS 
P. C. BOARDS 





-Su^Asi^^a^in X friin) (S-* 


BIOLOGICAL AMPLIFIIR 

(FE J*n./Feb. 73). P/A Set—S/e* 
S***' ^ 3}in 

ChM, Vi^F««dl»clc^^; Audio Am 


OIMINI STIRIO AMPLIFIIR 


^•ot^^M•i<.-Sw■►-Lwith■^w’MO'itirtil •aLl'with tw’ci 

CF Ri. a.fO. FCB Ofin x lOlin) tor ton with HO ano fn itt. aito noioi 

FCaTafio'x'sinLyhAy.'* Ku—R't.*'c?'F?;. 0-70. ^P<?r(2*n 


LOGICAL RADIO CONTROL 


ORMINI STIRIO TUNIR 


•CB (3}in X diinj al 
ordalidarpoH, tl -l 


MO^IL^SI^O ^ONTROL 

otA/ -f p**'^'*" 

?i?o 7 .^) a 1 L^old,?^ 3 ^'ir ''^0 

1/““. Rr.’cifpot— m”o. 0*W;W^ 


RIVIRIIRATION U 


VIBMASONIC GUITAR 

(PW Sept. 70). *lncl. MIc P/A, 2- 
Guiur P/A. Trem and Tone ControU. 

Ro*Ji^' p:«."umi;'cou5iinV'T/fmn 
^75. a-fi. ^ PCB (3*in x 

TAPI NOISI LIMITIR 

Mb (Hin X 2tin). a.M. 

VIRSATILIJ.M3HT RPPICTS 

Tr^/f”r,' £|.»r SCrIL-'|^&; 

ULTRASONIC 

TRANSMITTIR.RICRIVIR 

iraJarrDuar^/cB*(lin^x^Sii^.'^% 

PHOTOPRINT PROCISS 

(PE Jan./I^b. 72). Finds expoBurei. 
S/e"$.'^*SCR."LDk. *fU. *CB!**PotBr*Reley.‘ 
Keytwlteh. T/fmr, C7 d0. PCB (3iln 

X g.n) alao hold. pon. Sw. rol.,. 

DIGICAL PSU (PE Auf, 72). Mp 
OSCILLOSCOPE P/A (PE Aug. 72), 40p 
SCORPIO (PE Nov./Dec. 71)* 70p 
TRIFFID (PE Feb. 73), 40p 

SOUND SYNTHISISIR 

I?!*!*'FrSl mailini*Ii?t «n!i« IJaiUbi! 
for further information about PCB« 
and Seu for this project. 

DIGITRONIC (^ Mar. 73), Read- 
outPCBdiin X 3iin),ft0p. 

U K Orders oT^d lOV t t tal 

S.A^forfr..h.t.ndw>th.".„,u.r,.. 


PHONOSONICS, DEPT. PET, 25 KENTISH ROAD, BELVEDERE, KEHT DA 17 SBW 


MAIL ORDER ONLY 
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Practical Electronics Classilied Advertisements 

RATES: 9p per word (minimum 12 words). Box No. 20p extra. Semi-Display £7 per single column IncI 
prepaid and addressed to Classified Advertisement Manager, ^'Practical Electronics" IPC MAGAZIN 


Brunet 

Technical College 
Bristol 

Ashley Down, Bristol BS7 9BU 
Department of Marine and Aero-Electronics 





CSOp.iftf, 
can be yours 



Electro-Medical Service 
Department requires 

ENGINEERS 






^IW*^ ilj 


CAREER 


IN RADIO 


j I 


FOR SALE 
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2 Grove Place • Bedford 

Bedford 51961 


YOUR LOCAL 
COMPONEKTS SUPPLIER 

FREE CATALOGUE ON REQUEST 


MISCELLANEOUS 


CLEARINS LABORATORY, scopes, V.T.V.M’s, 
V.O.M’s, H.S. recorders, transcription turn* 
tables, electronic testmeters, calibration units, 
P.S.U.'s, pulse generators, D.C. null- 
potentiometers, bridge, spectrum analysers, 
voltage regulators, sig-gens, M G relays, 
components, etc. lx)wer Seeding 236. 



CONSTRUCTION AIDS. Screws, nuto, spacers, 
etc., in small quantities. Aluminium panels 
punched to spec, or plain sheet suppli^. 
Fascia panels etched aluminium to individual 
requirements. Printed circuit boards—masters, 
negatives and boards, one-off or small numbers 
Send 6p for list. RAMAR CONSTRUCTOR 
SERVICES, 29 Shelbourne Road, Stratford- 
on-Avon, Warwks. 


PSYCHEDELIC MINI-STROBE 

A very POWERFUL, POCKET-SIZED 
STROBE-UGHTthat i* SELF-CONTAINED 

DAZZLIn’g psychedelic EFFECTs'and 
STOP-MOTION FLASHES. Boffin's new 
MINI-STROBE kit constitucQs a, fully 
COMPLETE with '^FUTURISTIC ''case/ 


get‘one^(*o 

STEALING TI 


le FLICKERING FASCINATORI 


HE THUNDER at DISCOS 
•iia r/MMicgl with your own POCKET¬ 
LIGHTNING! 

SEND £210 (inc. VAT) for YOUR 
MINI-STROBE. MAIL ORDER ONLY 

To: Boffin Projects 

4 Cunliffe Rd., Sloneleigh, Ewell, Surrey 
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BUILD A CHORDING PROFESSIONAL SYNTHESISER 



using 


Dewtron 


(Regd. Trademark) 


The Synthesiser shown above is the Dewtron “Apoiio" 
A.1. which we seil ready-built to professionals. Believe it or 
not, it uses the SAME precision modules as we sell to you, 
the Constructor, to build any kind you like. The revolutionary 
Modumatrix system of routing makes old-fashioned patching 
a thing of the past. VCO-2 voltage-controlled oscillator 
module has accurate built-in log-law for chording and other 
professional effects. 3 and 4 octave keyboards and contacts. 
VCO-2 STABLE, PRECISION V/C OSCILLATOR gives 
SINE. TRIANGULAR AND SQUAREWAVE outputs. 1 volt/ 
octave voltage control. £22 each or £25 each 2 or more 
matched. SHE-1 SAMPLE, HOLD AND ENVELOPE 
MODULE gives variable attack, sustain, touch sensitive 
playing when used with VCP-2 signals. £15. OFT-1 chording 
module £7-50. Modules (except VCO-1) guaranteed two 


PROFESSIONAL MODULES 
CASH SAVINGS 

by buying modules and parts in bulk! 

All modules are available separately: 

Ring Moduiator RM2, £8. Voltage-controlled 
Oscillator VC01, £10-50, giving sawtooth and square- 
wave outputs. Envelope shapers, ESI, self- 
triggered or ES2 keyboard-triggered, either type 
£13. White noise type WN1, £7. Voltage-con¬ 
trolled amplifier VCA1, £10. Voltage-controlled 
selective amplifier (filter for waa-waa, etc.) SA1, £12. 
Voltage-controlled Phase PH1, £17. Automatic 
Announcement Fader module for fading of music 
by microphone announcement, AF1, £9. etc., etc. 
ALL MODULES ARE BUILT, TESTED AND 
SEALED FOR LONG LIFE. Simply connect 
coloured wire connections as per easy instructions, 
build cabinet and wire in controls and patchboard 
connections! Joystick controls £4-50. REVERB 
Module and spring unit £15. V.A.T. 10% extra. 
V.A.T. paid orders over £75. 


WUh over 7 years’ unblemished reputation in these pages, Dewtron continues to lead In new technical developments in electronic sound 
effects! Ask any of our customers. See our products In the music stores, too. Suppliers of special equipment to leading group. 
Our modules are used In professional equipment by other manufacturers and in our own built synthesisers, e.g. "Gipsy" G.l. Approved 
by the Association of Musical Instrument Industries. Send ISp for full catalogue of our famous musical effects. 


D.EuWe LTD. 


254 Ringwood Road, FERNDOWN, Dorset BH22 9AR 


WATFORD ELECTRONICS 

35 CARDIFF ROAD. WATFORD. HERTS. ENGLAND 


2N22I8A I3p 
2N2220 lOp 
2N222j 

2Nm6R *9^ 
2N29260 9p 


thyuistor 


VIROBOARD 


JACK PLUGS AND SOCKETS 

Stereo Screened, 30p 3'5mm Screened, lOp 

Stereo Screened', ISp 3 Smm Socket’ 7p 

DIN PLUGS A SOCKETS 

Pluts, 'lip. 'socket Sp. ^ 

^casA^.s 

CM Mpi C90 55p; 
CI20 7SP. 1 

PHON^^PL^GS^ AND ^ 
Socket: ^ngleS^ 

THple*loJ 

SWITCHES 1 

TOGGLE SPST lip 1 

DPDT 22p ” 

SLIDE DP lA lOp 1 

ROTARY Wafer \ 

.7W.V ISP 


POLYESTER CAPACITORS. 

400V; O OOluF. O OOIS^F. 0 0022 mF, 0 0033/iF. 0 0047 mF. 0 OOSS^F, Up; O-OluP. 
0 OI5#iF. 0 022 mF. 0 047aiF. 3p; 0 068 mF. 0 IjiF. 0- I5^F. 4p; O MaiF, 7p; 0-33AtF. lOp; 
?W^:^6 *i1*F. 0 (SaiF, 4p; 0-22 axF. 5p; 0-33, «p; 0-47AiF, 7p: O M/zF, I0| 

'^O Ol/iF. () 6 i/a5!*0 022a 4F. 3p: 0 033 a 4F. 0 047AiF. 0 068AiF. l*p; 

= ''•22AiF. 0-33A4F, Sp; 0-4^7. 7p; 0 Se/iF. lOp; I OmF, II- 


ELECTROLYTIC CAPACITORS. Miniature axial lead type. 


PRESET POTENTIOMETERS 


Jj WATFORD ELECTRONICS 

35 CARDIFF RD., WATFORD, HERTS, ENGLAND. 

Enclose lOp stamps for our comprehensive catalogue. 


D.C. POWER SUPPLY 
Current: 500mA. 

O/P Volute: 3, 4-5. 6. 7-5, 9. 


STEREO HEADPHONES. 
HOSIDEN OH-02V-S. 

pid^'f.^ uiht*Crt.''*PRicE: *aE5. 
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Practical Radio & Electronics 
Certificate course includes a 
learn while you build 
3 transistor radio kit. 
Everything you need to know 
about Radio 8t 
Electronics 
maintenance and 
repairs for a spare 
ii time income and 
a career for a 
better future. 

CUT OUT THIS COUPONhbhhmm 










































































